Designing sustainable product service systems: a business framework for SME implementation by Ricardo J. Hernandez-Pardo (7151906)
 
 
 
This item was submitted to Loughborough University as a PhD thesis by the 
author and is made available in the Institutional Repository 
(https://dspace.lboro.ac.uk/) under the following Creative Commons Licence 
conditions. 
 
 
 
 
 
For the full text of this licence, please go to: 
http://creativecommons.org/licenses/by-nc-nd/2.5/ 
 
 Loughborough Design School 
 
 
 
Designing Sustainable Product Service Systems: a business framework 
for SME implementation 
 
 
by 
Ricardo Javier Hernández Pardo 
 
 
 
Doctoral Thesis 
Submitted in partial fulfilment of the requirements  
for the award of Doctor of Philosophy 
of Loughborough University 
 
 
 
July, 2012 
© Ricardo Javier Hernández Pardo, 2012 
 2 
 
Certificate of originality 
 
This is to certify that I am responsible for the work submitted in this thesis, that the original 
work is my own except as specified in acknowledgments or in footnotes, and that neither the 
thesis nor the original work contained therein has been submitted to this or any other 
institution for a degree. 
 
 
…………………………………………….  ( Signed ) 
…………………………………………….  ( Date ) 
 
 
 
 
 
 
 
 
 
 
 
 3 
 
Abstract 
 
This thesis explores the conditions under which traditional Small and Medium Enterprises 
(SMEs) can be involved in the design of sustainable Product Service Systems (PSS). The 
integration between design and Information and Communication Technologies (ICT) in the 
context of sustainable business development was used to define the space for this exploration. 
The research was carried out through a case study with a group of Colombian Manufacturing 
SMEs. As a result of the case study a business framework was developed to guide the design 
of sustainable PSS. 
In order to establish the basis of the research a review of the literature on sustainable business 
development, ICT, design, product service systems and SMEs was carried out. This review 
brought to light the main features of a sustainable PSS and the challenges associated with its 
design. These challenges were further investigated in the context of SMEs with a scoping study 
involving a group of 38 Colombian SMEs. Additionally, 36 PSS already on the market were 
analysed to identify the possible relationships between design and ICT, and to determine how 
they could contribute to develop sustainable PSS. The scoping study and the analysis of the 36 
PSS gave structure to the case study with a second group of Colombian Manufacturing SMEs. 
This case study aimed to build understanding of the connection between the characteristics of 
these SMEs and the main features of a sustainable PSS. As a result of this case study a set of 
concepts, drivers and barriers to take into account to design sustainable PSS formed the basis 
of a business framework developed and validated in the final part of the research. 
The business framework proposed can help to understand the resources and changes needed 
to develop a sustainable PSS, reducing the uncertainty that it may cause. The integration 
between product and service design and ICT is used in the framework to outline the areas of 
opportunity in the design of sustainable PSS. This business framework developed as a result of 
the research promises to be a helpful tool for organisations working to support the 
transformation of SMEs toward competitive and sustainable business models using as a basis 
the integration between product and service design and ICT. Despite the Colombian context 
the results and outcomes of this research are described in general terms to be applicable in 
other contexts around the world working with SMEs in the design of sustainable PSS. 
Keywords: sustainable product service systems, sustainable design, product and service design, 
information and communications technologies, small and medium enterprises, innovation, PSS. 
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1 Introduction 
 
 
1.1 Sustainable society through Product Service Systems  
Development is usually related to the idea of having economic prosperity. That prosperity is, in 
many cases, linked to the production and consumption of physical products. The production 
and consumption of these products demand a large amount of materials and energy, more 
resources than the ones the planet is able to supply and restore in a natural process (Tukker & 
Tischner, 2004). During recent decades a service-oriented society has been proposed as part 
of the change needed to go from an industrial economy to a functional one.  A functional 
economy is based on the creation of value through the fulfilment of needs instead of the 
provision of products (Mont, 2002a; Roy, 2000). Fulfilment of functions or real needs can 
generate less environmental and social impacts than traditional production and consumption 
models (Manzini & Vezzoli, 2003; Roy, 2000). Additionally a functional economy can help 
businesses to face new customer expectations. While in an industrial economy, value comes 
mainly from the transformation of raw materials into products. Currently other intangible 
aspects such as intellectual property, aesthetics, corporate image and design are important 
creators of value to the customers (Esslinger, 2011; Mont, 2002a). 
In order to seek a functional economy, Product Service Systems (PSS) have been identified as 
a concept with the potential to achieve the transformation from producing and selling physical 
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products to designing and offering system-based and sustainable solutions (Goedkoop, Van 
Halen, Te Riele, & Rommens, 1999; Manzini & Vezzoli, 2003; Mont, 2002a). The idea of 
products, services and infrastructure that can jointly satisfy customer needs in innovative ways 
is shared between different definitions of PSS. However PSS, being more sustainable than 
traditional business models, is not a feature directly included in these definitions. It is agreed 
that PSS have the potential to be sustainable solutions but the system has to be designed with 
that purpose (Mont, 2002a; Tukker & Tischner, 2006a).  
The key to the sustainability of a PSS is the integrated design of all the elements in the system 
to fulfil a function (Mont, 2002a). In this integrated design, it is possible that the economic 
interests of the stakeholders converge encouraging the optimization of the whole system 
(Manzini & Vezzoli, 2003). It is from the optimization of the whole system that environmental 
and social benefits arise. The optimization of the system is possible because one function can 
be fulfilled with many different systems (Goedkoop et al., 1999); it is that level of freedom that 
allows the stakeholders in the system to find efficient and sustainable solutions. 
Finally, PSS not only have the potential to achieve better environmental and social 
performance than traditional business models, but they are also recognized as competitive 
business models able to create differentiation, flexible offers, encourage innovation, increase 
customer loyalty, and put companies in a better strategic position (Mont, 2002b; Tukker & 
Tischner, 2006a). However not everything about PSS is positive, (Tukker & Tischner, 2004) 
mention for example the overvalued perception about the environmental benefits of product 
oriented and use oriented PSS. For them these benefits associated to any PSS are mainly 
achievable on result oriented PSS and under particular circumstances, in other cases a move 
towards a PSS can cause rebound effects and even loss of competitive advantages. 
Despite the critics, sustainable PSS are a promising approach to reshape production and 
consumption practices and the benefits mentioned justified the intent to do research in this 
field. However these systems are not widely adopted in practice (BCSD-UK, 2008). Some of 
the barriers identified have to do with the lack of understanding of the concept in industry, 
preconceptions such as the necessity to have a service platform before engaging in the 
development of a PSS (Cook et al., 2006), difficult public acceptance, financial uncertainty, and 
difficult relationships between stakeholders (Mont, 2002b). In this context more research in 
this relatively new area is needed to build understanding of the way in which these barriers can 
be overcome and more widespread adoption of the PSS concept as a business model can be 
achieved.   
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1.2 Context of the research 
According to Hofman and De Bruijn (2010) sustainable development requires radical 
innovation to transform organisations, products and processes. For a company, this radical 
innovation means not only transforming how they work, but also how they perceive 
themselves. This radical innovation demands individual efforts as well as collaborative networks 
with a shared vision and joint effort (Hofman & De Bruijn, 2010). In this sense the 
transformation towards sustainable business models is challenging for large companies, but in 
the case of Small and Medium Enterprises (SMEs) it could be even more difficult. 
In general, SMEs around the world face barriers that affect their competitiveness and capacity 
to change, making the idea of moving towards sustainable business models a difficult task. 
Some of these barriers according to Van Hemel & Cramer (2002) are lack of awareness of 
environmental legislation, underrated social impacts, lack of appropriate infrastructure, lack of 
access to knowledge and skills transfer networks, and the misperception that SMEs have less 
impact compared with larger corporations. In the case of SMEs in developing economies other 
difficulties arise. Ciliberti et al. (2008) report for example lack of mentorship, communication 
gaps in their supply chains, lack of supporting networks, poor infrastructure, low savings rate, 
and difficulty in accessing financial capital as common difficulties for SMEs in developing 
economies.  
Despite these barriers and difficulties there are many reasons why it is important to support 
and help SMEs to become more sustainable and competitive organisations. SMEs represent at 
least 80% of all global enterprises (Moore & Manring, 2009). In UK they are almost 99% of the 
total number of companies (EUCommission, 2008), and in Colombia the percentage is even 
larger, accounting for 99.86% of the total number of companies in the country (Llano, 2009). 
Additionally, SMEs are an important source of employment, a cradle of entrepreneurial abilities, 
suppliers of many corporations around the world and responsible for the income of a large 
number of families.  
In this context, and taking into account that the key to the sustainability of a PSS lies in the 
integrated design of its elements, this research project focused particularly on the design of 
sustainable PSS. The project was outlined to explore the challenges, drivers, and conditions 
linked to the design of sustainable PSS particularly in SMEs. The purpose behind this 
exploration was to conceive sustainable PSS as an alternative to encourage the transformation 
of traditional manufacturing SMEs into more competitive and sustainable organisations. The 
interest to work within the context of SMEs relies on the importance of these organisations in 
social and economic terms, and the aggregate environmental impacts that their activities 
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produce. Furthermore, the research aims to introduce the concept of sustainable PSS to 
reduce some of the difficulties that they face and enhance the benefits SMEs bring to society. 
In order to carry out this exploration the research project was located in the context of 
traditional Colombian manufacturing SMEs. This responds to personal motivations and the 
relationship between the researcher and the Ministry of ICT that facilitates the access to the 
SMEs to carry out the research, the fact that Colombian Government is currently encouraging 
the transformation of companies toward sustainable business models (UPME, 2010) and the 
positive economic environment in Colombia today that predicts increases in levels of 
production and consumption in the coming years (Economist Intelligence Unit, 2010). 
However, working with Colombian SMEs was just the context of the studies carried out, 
despite this context the results, findings and the outcomes of this research are described in 
general terms to be applicable in other SMEs in different contexts around the world. 
1.2.1 Productive transformation in Colombian companies 
According to the Colombian Ministry of Commerce, Industry and Tourism (CONPES3484, 
2007) micro, small and medium enterprises (MiPYMES)1 in Colombia are strategic factors for 
the development and competitiveness of the country. These kinds of firms, according to the 
Ministry, are a large source of employment and income and contribute to reduction of poverty 
and inequality. However, in terms of microenterprises high levels of informality, low capacity of 
networking, reduced markets and personnel with low levels of formal education have been 
identified as barriers to growth. In the case of small and medium enterprises there are other 
barriers identified such as low innovation capacity, low rates in use of ICTs, limited access to 
financial resources and difficulty in commercializing their products. Furthermore, despite the 
importance of the mechanisms developed by the government to support the organisational 
development of these firms, the Ministry also recognizes difficulties in reaching a large number 
of SMEs. In general programmes of support are developed through consultancies because of 
the difficulties that MiPYMES have in structuring proposals that can compete for public 
resources, and also because MiPYMES do not buy often these kinds of professional services. 
Therefore the segment and its capacity to offer innovative products and services is quite 
limited (CONPES3484, 2007). 
In this context, the Colombian Government has established policies and strategies to support a 
productive transformation of Colombian MiPYMES. These policies are: encouragement to 
                                                
1 Law 905/2004 of Colombian Government defines enterprises according to the number of employees and actives. 
Micro 1 to 10 employees and between 0 and 500 minimum salaries, Small 11 to 50 employees and between 500 
and 5.000 minimum salaries, Medium 51 to 200 employees and between 5.000 and 30.000 minimum salaries and 
Large 201 or more employees and more than 30.000 minimum salaries. Minimum salary in Colombia 2012: 
$566.700/month Colombian Pesos equivalent approximately to £202/month. 
 27 
participate in public buying as one way to take advantage of the internal market, simplification 
of administrative procedures, facilitation to adopt and use ICT and encouragement to develop 
environmental policies. The last two are of particular interest for this research. Related to these 
policies the strategies proposed are: 
− Access to financial resources 
− Promotion of enterprises’ formalization 
− Promotion of diverse enterprise support services 
− Strengthening of innovation capacity and technology transfer 
− Promotion of ICT adoption and use 
− Access to formalization of labour force 
− Promotion to market access 
− Promotion of entrepreneurship 
− Productive articulation and enterprise networking 
Finally, it is the desire of the Colombian Government that all these strategies are developed 
under sustainable criteria. For this reason the Ministry of Environment, Housing and Territorial 
Development was put in charge to ensure “the promotion and adoption of sustainability criteria in 
the management of productive and institutional sectors, procuring the incorporation of environmental 
management systems, technology substitution and the change of consumption patterns between 
others with the finality to improve the quality of air, make rational use of environmental resources 
and improve the living standards of Colombian society”, (UPME, 2010, p.3). This intention to 
generate a productive transformation in Colombian MiPYMES following sustainable principles 
has materialized in different programs: the National Policy of Sustainable Production and 
Consumption, the National Policy of Sustainable Bio-commerce, the National ICT Plan and the 
National Policy for the Productive Transformation and Promotion of MiPYMES (UPME, 2010).  
It is in this context that sustainable PSS in SMEs can be understood as a potential route to 
contribute to the productive transformation toward competitive and sustainable industrial 
sectors. It is desired for Colombian MiPYMES but also desired, and needed, for almost any 
SME in the world today. In this research, the term SME will be used instead of the term 
MiPYME when talking about Colombia. So in the Colombian context, the term SME will 
include microenterprises as well small and medium enterprises. 
1.3 Designing sustainable PSS 
Despite the potential benefits in terms of environmental and social performance and the 
economic attractiveness, sustainable PSS have not been widely adopted as a business model. 
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Diverse challenges associated to the integrated design of the system (Creusen, 2011) and the 
organisational changes required to deploy the concept (Cook et al., 2006; Mont, 2002b; 
Tukker & Tischner, 2006a) can discourage companies from designing and developing these 
kind of offers. In the case of traditional manufacturing SMEs lack of resources, uncertainty, and 
aversion to taking risks increase the difficulties. In order to overcome these barriers the design 
of sustainable PSS needs to be understood from the point of view of these traditional 
manufacturing SMEs and a possible procedure to design this type of sustainable systems 
defined according to their conditions.  
On one side product and service design is an area where a set of concepts, along with models 
and techniques, have been developed to encourage the design and production of sustainable 
products and services. Alongside these concepts are eco-design, design for recycling, design for 
remanufacturing and inclusive design (Bhamra & Lofthouse, 2007). On the other side a 
particular area of research related to ICT for development has been developed and there are 
also concepts in this area that can contribute to the development sustainable product and 
services. Between these concepts are for example the development of smart green products, 
e-commerce platforms, virtualization and green buying (Cohen, 2002). However, despite all of 
these concepts having potential to contribute to develop innovative and sustainable products 
and services, there is no evidence of integration between them. Furthermore there is no 
evidence of how this integration can contribute to overcome the barriers, especially in relation 
to the design of sustainable PSS.  
In this context, this research project was defined from the beginning with a very broad 
perspective. It was decided to include different topics that, on their own, are complete fields of 
research; however boundaries were established around the concept of design of sustainable 
PSS in the context of SMEs. In order to articulate the variety of themes, a reference model was 
developed to help identify the areas of interest in each of the topics involved. The first version 
of this reference model includes four main areas: ICT, design, sustainable business development 
and sustainable Product Service Systems (see Figure 1-1). In the reference model, and in 
general in this entire document, the term “design” will be used when making reference to 
product and service design. 
The development of this model was created based on the research problem, aims, objectives 
and questions proposed and the context of the project presented in this introduction. This 
model is a methodological tool, explained in detail in Chapter 3, and used across the project to 
guide different studies and discussions. This first version was mainly used to guide the literature 
review presented in Chapter 2. 
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Figure 1-1: First version reference model 
 
1.4 Research problem, aims, objectives and questions 
1.4.1 Research problem 
Sustainable PSS is a promising approach to support companies to move toward more 
competitive and sustainable business models. However, it is still a relatively new area where 
more research is needed to build understanding of the conditions under which this concept 
can be suitable and efficient especially in the context of SMEs. Design and ICT are two areas 
closely related to the idea of designing and developing innovative offers. But there is no 
previous evidence of the potential integration of these two areas to contribute to design 
sustainable PSS. This research project was outlined to address these issues and to define a path 
to encourage widespread adoption of sustainable PSS as a business model especially in SMEs. 
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1.4.2 Aim 
This research aims to explore new possibilities to design sustainable PSS taking 
advantage of possible contributions coming from the integration between design and 
ICT. Additionally, it aims to build understanding during the exploration of the relevant 
aspects, conditions, drivers and barriers that should be taken into account when 
designing this type of sustainable PSS involving SMEs. 
1.4.3 Objectives 
1. To critically review literature and other secondary sources covering the role of ICT 
and design in the development of sustainable businesses and the main 
characteristics and evolution of the Product Service Systems field. 
2. To clarify the SMEs perception of moving toward sustainable business models, 
particularly using the concept of sustainable PSS as a means of transformation. 
3. To identify possible routes of integration between design and ICT that could 
characterize a sustainable PSS and contribute to its design. 
4. To define a procedure that could orient the design of sustainable PSS based on the 
integration between design and ICT. 
1.4.4 Questions 
1. What is the perception of traditional manufacturing SMEs to transform themselves 
towards sustainable PSS? 
2. How can design and ICT be integrated in order to contribute to the design of 
sustainable PSS? 
3. What are the areas of opportunity where the integration between design and ICT 
can contribute to design sustainable PSS? 
 
The aim, objectives and research questions presented above are related to each other as 
presented in Table 1-1. 
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Table 1-1: Relationships between aim, objectives and research questions. 
1.5 Personal motivation 
The main driver to carry out this research was the personal interest of the researcher. Having 
a degree in Industrial Engineering, a master’s degree focused on organisational theory and 
another master’s degree in product and service design, this thesis collects many thoughts and 
Aim Objectives Questions 
This research aims to 
explore new possibilities to 
design sustainable PSS 
taking advantage of possible 
contributions coming from 
the integration between 
design and ICT. Additionally, 
it aims to build 
understanding during the 
exploration of the relevant 
aspects, conditions, drivers 
and barriers that should be 
taken into account when 
designing this type of 
sustainable PSS involving 
SMEs. 
 1. To critically review literature 
and other secondary sources 
covering the role of ICT and 
design in the development of 
sustainable businesses and the 
main characteristics and evolution 
of the Product Service Systems 
field. 
 
 
 
1. What is the perception of 
traditional manufacturing SMEs to 
transform themselves towards 
sustainable PSS? 
 2. How can design and ICT be 
integrated in order to contribute to 
the design of sustainable PSS? 
 3. What are the areas of 
opportunity where the integration 
between design and ICT can 
contribute to design sustainable PSS? 
2. To clarify the SMEs perception 
of moving toward sustainable 
business models, particularly using 
the concept of sustainable PSS as 
a means of transformation. 
 1. What is the perception of 
traditional manufacturing SMEs to 
transform themselves towards 
sustainable PSS? 
3. To identify possible routes of 
integration between design and 
ICT that could characterize a 
sustainable PSS and contribute to 
its design. 
 2. How can design and ICT be 
integrated in order to contribute to 
the design of sustainable PSS? 
4. To define a procedure that 
could orient the design of 
sustainable PSS based on the 
integration between design and 
ICT. 
 
 
 2. How can design and ICT be 
integrated in order to contribute to 
the design of sustainable PSS? 
 3. What are the areas of 
opportunity where the integration 
between design and ICT can 
contribute to design sustainable PSS? 
 32 
questions that have arisen during these years of study. These questions were mainly related to 
how companies design and develop their products and services facing economic, social and 
environmental challenges.  
In that sense the main topic of focus for the research proposal was design, more specifically 
the process to design products and services. One of the first motivations to do research in this 
area came after the first masters degree working on organisational theory. This motivation was 
linked to the interest to understand in a broad sense the logic behind the design of a product. 
Questions such as how companies define the gaps they want to fill with their products, what 
differences exist between one company and others developing ideas and concepts, and how 
they select the best ones, where some of the questions that were waiting to be answered.  
During the second masters degree, with a particular focus on product and service design, some 
of these questions became more complex. In this masters the researcher had an initial 
approach to ecodesign and the idea to integrate environmental concerns into the design 
process. At that point it was clear that the initial questions were in some sense incomplete. 
The rapid changes in society and the necessity to find a way to achieve a sustainable 
development were factors affecting the process companies use to design their product and 
services. In that sense the idea of integrating sustainability into the design process became part 
of the research proposal. However in order to make the scope much clearer the attention of 
the researcher was focused on the concept of sustainable product service systems (PSS). This 
concept that came across during the masters in product and service design captured the 
attention of the researcher because it represented a more holistic approach to integrate 
sustainability into the design process. Finally during the journey looking for funding to carry out 
the doctorate one of the researcher’s sponsors proposed the idea of integrating Information 
and Communications Technologies (ICT) as one of the topics of the research. After a 
preliminary review of the literature and having as a background the thesis of the masters in 
product and service design the researcher decided to include ICT as the last topic in the 
research proposal. This decision was supported by the initial findings during that preliminary 
literature review where ICT came as a natural area to explore in the field of sustainable PSS 
development. 
With this definition of topics and taking into account that the transformation towards 
sustainable development requires knowledge, commitment and multidisciplinary approaches 
that companies, in many cases, do not have, the research proposed was oriented to explore 
the design of sustainable PSS as an alternative to help companies to move towards sustainable 
business models. The competencies and motivations to carry out this doctoral research were 
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complemented by the researcher’s experience working in the food industry as a Production 
Engineer. 
Finally, the positive moment of the Colombian economy today encouraged the researcher to 
carry out the project and facilitates working together with public and private organisations 
during these three years. Particularly, it was possible to establish a close relationship with the 
Colombian Ministry of ICT as one of the sponsors of this project. Furthermore, sustainable 
production and consumption has been declared as a priority area of research nowadays in 
Colombia making very relevant the aim and objectives proposed, complementing the personal 
interest to carry out the project, 
1.5.1 Funding to carry out the research 
The research presented in this thesis was sponsored by three Colombian organisations; the 
Ministry of Information and Communications Technologies, Colfuturo and Colciencias. 
Additionally Santander Banking Group and Loughborough University funded the travel for the 
collection of data. 
1.6 Thesis structure 
Chapter 1 – Introduction 
In this chapter the general context of the research is presented along with the research 
problem, aims, objectives and questions proposed. It is also introduces an outline of the 
structure of the thesis with a brief description of the contents of each chapter, and the first 
version of the reference model.  
Chapter 2 – Literature review 
This chapter presents the review of the literature done at the beginning of the project covering 
four main areas: design, information and communication technologies, sustainability, and 
Product Service Systems. All four areas were reviewed in relation to their contribution to 
developing sustainable SMEs. At the end of the chapter a research proposal is presented as a 
consequence of the gaps found during the review, along with the second version of the 
reference model enriched during the process. 
Chapter 3 – Research methodology 
This chapter introduces the research approach selected to carry out the project, the methods 
used to collect and analyse the data, and the procedures undertaken to assure the 
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trustworthiness of the research. In this chapter the methodology is presented as a chain of 
elements that together justifies and give shape to a series of studies, analyses and discussions 
across the project. 
Chapter 4 – Scoping study 
This chapter presents the first approach to the field, carried out as a scoping study with a 
group of 38 Colombian SMEs. It includes the motivations and objectives to make this study, 
the context under which this study was deployed, and its main findings. Additionally, this 
chapter discusses the direction to continue the project according to the preliminary insights 
gained during the study. 
Chapter 5 –Design and ICT defining sustainable PSS 
In this chapter the analysis of 36 PSS already on the market is presented to define possible 
relationships between design and ICT in terms of the offers of these systems. As part of this 
analysis the criteria used to select the PSS, the procedure to classify them into categories, and 
finally the transformation of these categories into four generic types of sustainable PSS is 
outlined. A third version of the reference model including these four generic types of PSS is 
presented in the last part of the chapter. 
Chapter 6 – Main study 
This chapter presents the main study of the research project, a case study with 16 Colombian 
manufacturing SMEs from the leather industry. Included in the chapter are the motivations and 
objectives of the study, a description of the context of the case study including details of the 
SMEs involved, and the analysis of the data collected during the process. Finally, a discussion of 
the findings and conclusions of the case study and the areas where the integration between 
design and ICT can contribute to design sustainable PSS are presented. 
Chapter 7 – DEPA framework 
In this chapter the design and development of a business framework integrating results and 
conclusions from previous chapters is presented. The presentation of the framework includes a 
conceptual background, a description of the requirements and working principles, a procedure 
with four stages to design sustainable PSS and the process of validation undertaken with six 
experts in the area. Finally, the strengths and limitations identified and potential improvements 
to undertake in the future are discussed. 
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Chapter 8 – Discussion 
This chapter discusses the findings and results of the previous chapters, responding to the 
research questions proposed and presenting the last analysis of interesting insights from the 
studies undertaken. 
Chapter 9 - Conclusions 
In this chapter all the conclusions reached during the research are presented and 
contextualized in terms of the achievement of the aim and objectives proposed at the 
beginning of the project. The limitations and future lines of research are discussed at the end of 
the chapter. 
The structure of chapters is presented in Figure 1-2. 
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Figure 1-2: Thesis structure by chapters 
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2 Literature Review 
 
 
2.1 Introduction 
Mankind is currently facing difficult times marked by environmental, social and economic 
difficulties. Accelerated industrialization, growing population, widespread mal-nutrition, 
depletion of non-renewable resources, and general deterioration of the environment were 
problems identified in the early 70s (Meadows et al., 1972) and today they are still not solved 
and significant consequences have begun to appear. The influence particularly of accelerated 
industrialization and the growth of population have been important factors in the change of 
the relationship between mankind and the environment (Gore, 1992, 2006a; Redclift, 1994; 
WRI, 1992). The capacity of human activities to affect the environment on a large scale has 
created radical changes in the climate and in natural processes (Gore, 1992). These changes 
have produced enormous challenges for mankind's survival and they are currently the main 
subjects in almost all national development agendas. 
It is the responsibility of present generations to fix mistakes made in the past and redirect 
production and consumption models towards sustainable ones. In this transformation, 
businesses play a very important role. Only through highly innovative solutions can a radical 
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change in the current structures be achieved. Companies need to commit to making this 
transformation, but they also need support to do it. It is necessary to find approaches that 
facilitate this transformation in order to move businesses towards a more efficient use of 
resources, production of less waste and emissions and towards a profound behavioural change. 
In this context, the literature review explores first the grounds of sustainable development 
from a business perspective and the main approaches to integrate the principles of 
sustainability into the operations of companies. Then, Product Service Systems (PSS) are 
presented as an alternative to reshape business practices and achieve the level of innovation 
required to make a radical change towards sustainable business models. The environmental, 
social, and economic benefits of a sustainable PSS are then explained as well the challenges 
and difficulties that prevent the design of these types of systems. Finally, areas of opportunity 
and potential contributions from design and from Information and Communication 
Technologies (ICT) to integrate sustainability into businesses, and in that sense contribute to 
face the challenges to design and develop sustainable PSS, are discussed. This exploration of 
topics is done considering, in particular, the implications from a Small and Medium Enterprises 
(SMEs) point of view. The first version of the reference model was the main guide to carry out 
this literature review (see Figure 2-1). 
 
Figure 2-1: First version reference model 
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2.2 Sustainable development 
Meadows et al. (1972) identified a set of major problems for mankind associated, in part, with 
the increased production and consumption of products around the world. Their analysis 
showed the exponential growth of the variables that control these problems and how that 
growth would result in definite changes in the balance of the planet. Fifteen years later, the 
World Commission on Environment and Development presented the Brundtland Report 
where some of the problems exposed by Meadows et al. (1972) were re-evaluated. The 
Brundtland Report called on the global community to manage a wide vision of the world 
problems that included the underlying issues around poverty and inequality. Five years later, 
the World Resources Institute made the same warning to deal with the inequalities in 
resources distribution (WRI, 1992).  
In this discussion part of the problems of the present day were attributed to the failure of the 
economic system (WCED, 1987). Despite its supremacy over alternative systems (Gore, 
1992), capitalism has shown failings in important areas such as equity, distribution of resources, 
fair trade, and elimination of poverty (WCED, 1987). Additionally, the economic mechanisms 
of the system are inefficient in measuring things differently from the main interests of sellers 
and buyers. The system cannot value things like clean water, pure air, or healthy soil (Gore, 
1992; Meadows et al., 1972; Redclift, 1994). Also, the mechanisms are inefficient to measure 
the negative impacts of human activities on the environment or the benefits from positive 
programs to protect natural resources or decrease levels of pollution beyond the technical 
indicators (Gore, 2006a; Rogers, Jalal, & Boyd, 2008). In this matter Gore (2006) highlights the 
lack of action to deal with environmental problems waiting for the auto-regulation of the 
market and dismissing the necessity of external intervention. However, different actions have 
been taken to integrate environmental and social aspects into the economic system. 
Under those circumstances, the imperative to find a new type of development was recognized 
(WCED, 1987). In the Brundtland Report the World Commission on Environment and 
Development made a formal definition of sustainable development as a new approach to 
growth: 
 “A development to ensure that it meets the needs of the present without 
compromising the ability of future generations to meet their own needs.'' (WCED, 
1987, p. 8) 
This definition of sustainable development is one of the most common, however others are 
also used. Goodland and Ledec (1987) emphasize for example the idea of using natural 
resources, taking into account the levels of these resources as a way to control the actions in 
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the economic model. Similarly Rogers et al. (2008) explain sustainable development as a 
dynamic process where all the actions in the economic system, including the way in which the 
resources are consumed, are done in congruence with technological and institutional change.  
Nevertheless, there are also strong criticisms of the concept (Adams & Thomas, 1993). As the 
system has shown its failure to allocate value to social, environmental, and cultural dimensions, 
the term sustainable is used to legitimize it (Redclift, 1994). According to Redclift (1994), there 
is a contradiction in using the concept of sustainable to refer to human activities as a model of 
development. To him, human intervention is in fact a factor of unbalance. 
Other critiques are oriented to show the disconnection between the definition of sustainable 
development and the policies and programs that are promoting that development (WRI, 
1992). There is a paradoxical situation between protecting natural resources of the present 
and future generations and assuring the production of food, goods, and services for growing 
populations around the world. From this discussion arose the idea that sustainable 
development does not mean the same for rich and poor countries, and programs have to be 
adjusted according to these realities (WRI, 1992). Along the same thinking, Gore (1992) and 
Redclift (1994) call to find congruence between programs and policies of sustainable 
development and take into account their social implications. 
Despite the criticism, there is optimism that using technological advances and creating 
collaborative networks between businesses, consumers, governments and communities can 
create the conditions needed to achieve sustainable development (UNEP, 2011). The 
Brundtland Report mentions the necessity to put special focus on the roles of public policy and 
industry. It mentions industry because of the important role that companies play in the current 
economic and social system and their responsibility in the degradation of the environment 
(Gore, 2006b). Despite that, this responsibility is shared with consumers. It is fundamental for 
businesses to integrate the principles of sustainable development into their strategic models to 
reduce their negative impacts, to influence a change in consumption behaviours and finally to 
survive in a constrained future (Lash & Wellington, 2007). 
2.3 Sustainability in a business perspective 
Industry is one of the main actors of economic development as a source of employment and 
as responsible for the transformation of raw materials into the goods and services that 
improve quality of life (Michaelis, 2003; WCED, 1987). After the industrial revolution the role 
of industry changed, enhancing its capacity to transform the world on a large scale. With more 
efficient means of production also came high levels of exploitation of resources and 
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consumption.  From 1950 to 1970 manufactured products grew at a rate of 7% annually and 
the extraction of minerals at 5% (WCED, 1987). Despite the positive changes industry has 
brought to mankind, the way in which products are produced has also brought negative 
impacts on the planet and the society. These negative impacts are distributed over the 
product’s life cycle, from the extraction of raw materials to final disposal (WCED, 1987). 
One of the largest effects of industrial development has been the increase of carbon dioxide 
levels in the atmosphere. This is directly related to the use of huge amounts of fossil fuels 
(Walker & King, 2008). This change in the amount of carbon dioxide is the main reason why 
the planet has become warmer in recent decades and why climate trends show erratic 
behaviour (Walker & King, 2008). This phenomenon is known as climate change (Walker & 
King, 2008), and the accelerated industrialization during the last century is one of the main 
causes of it (Gore, 2006a).  
However, climate change is only one of the negative impacts of accelerated industrialisation. 
There have been also social, cultural, and other environmental losses associated with it (Gore, 
1992). Examples of these include loss of biodiversity, decrease of non-renewable resources, 
contamination of water sources, air pollution, poverty, inequality and forced displacements of 
people (UNEP, 2006). For these negative impacts businesses have been under strong pressure 
to be aware of these adverse effects and to change their current practices.  
2.3.1 Reasons to move to Sustainable Business Models 
As a consequence of the pressure from NGOs, government agencies, and scientific 
organisations the first actions to integrate sustainability in a business perspective were taken 
during the 1980s. In this period important results in terms of efficiency in the use of resources 
were achieved (WCED, 1987). For example, in Japan in 1984 one manufactured unit was 
created with 60% of the raw materials used in the same unit in 1973 (WCED, 1987). 
In this process towards sustainability and its adoption in a business perspective, legislation was 
a fundamental driver. It has been evolving from a very focused concern on environmental 
impacts to a more general view of the problems caused by accelerated industrialization 
(Wheatley, 1993). Thanks to this legislation, changes in aspects such as selection of materials, 
production processes, development of alternative disposal scenarios and consumption of 
energy have been achieved. In Europe during the last decade there has been a wide range of 
legislation developed, for example, End of Life Vehicle Directive, Waste Electrical & Electronic 
Equipment Directive, Batteries Directive, Packaging & Packaging Waste and Energy Using 
Product Directive (Bhamra & Lofthouse, 2007). Currently these directives cover particular 
industrial sectors but in time more industries will be affected. In this sense, it’s not only 
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companies within the European Union that have to be attentive to fulfil these requirements, 
but also companies overseas that want to trade their products or to provide raw materials 
must be aware of these regulations.  
In addition to legislation there are other drivers encouraging business to move towards more 
sustainable business models. In the PricewaterhouseCoopers Sustainability Survey Report 
(2002), 140 enterprises were asked if they had adopted sustainable business practices or were 
thinking of doing so in the future. In 52% of the companies the answer was affirmative while 
17% had the intention to do it in the future and 30% did not have plans on the subject 
(PricewaterhouseCoopers, 2002). The 10 main reasons for adopting sustainable business 
practices are presented in Table 2-1. 
 
10 main reasons to move towards 
sustainable strategies 
Enhanced reputation 
Competitive advantages 
Cost savings 
Industry trends 
Board commitment 
Customer demand 
SRI demand 
Top line growth 
Shareholder demand 
Access to capital 
Table 2-1: Ten main reasons to move towards sustainable strategies 
Rainey (2006) emphasizes that these reasons to move towards sustainable strategies are found 
normally in the traditional company strategic analysis, making the shift more likely. However, 
this survey was done with large corporations in the US, mainly from the list of Fortune 1000 
companies. It reflects interesting motivations to develop business strategies based on 
sustainability but does not necessarily represent the motivations and drivers for small and 
medium enterprises.  In fact, previous studies have shown that sustainability is still an unknown 
and misunderstood concept among small and medium businesses (Van Hemel & Cramer, 
2002). Moreover, important barriers to develop sustainable business models in small and 
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medium enterprises (SMEs) have been identified such as lack of knowledge, difficulty accessing 
financial resources, lack of infrastructure and collaborative networks (Ciliberti et al., 2008). 
Improvements in efficiency and the pressure to comply with legislation hasn’t reduced 
industrialisation, and now emerging economies, such as China and India, are putting more 
pressure on the situation. This is why the concerns still exist and despite valuable 
achievements, the over exploitation of resources and the depletion of the environment has 
placed mankind in a situation where more radical change is needed. Businesses are facing 
difficult times with huge risks but also enormous opportunities to change and contribute 
positively to achieve sustainable development (Werbach, 2009). 
2.3.1.1 Risks and opportunities 
During the last 50 years two major influences have been able to change how businesses 
perform. First, in the last four decades Information and Communication Technologies (ICT) 
have advanced at an accelerated rate, making real the idea of a global world (UNEP, 2006). 
Markets do not have geographical limits. Industries settled in Europe produce in Chinese 
factories and commercialize their products in South America making all the arrangements in a 
virtual world. With markets spread all over the world, consumer needs and wants have been 
changed as have the conditions under which companies operate (Rainey, 2006).  
The second influence is the increasing preoccupation with environmental and social problems 
around the world (UNEP, 2006). These problems, some of them caused by the way industries 
have operated during the last century, have strong impacts on the way industries operate 
today but especially on how industries will operate in the future. Companies are facing 
reductions in the availability of raw materials, energy, and water, which means increases in their 
operational costs (Lash & Wellington, 2007). Additionally, each day there are more policies, 
directives, and regulations that constrain the use of materials, production processes, and 
packaging. Furthermore, consumers and investors are increasingly considering the 
environmental performance of the company when making their purchasing or investment 
decision (Lash & Wellington, 2007). 
According to Lash and Wellington (2007) these regulations and future constraints expose 
businesses to a set of risks that could affect their capacity to survive and be competitive. The 
risks are grouped into six categories and presented in Figure 2-2. 
Facing these risks, preventing future shortages and thinking about contributing to achieve a 
better kind of development, more companies are now beginning to integrate and implement 
sustainable programs (PricewaterhouseCoopers, 2002). Therefore the term sustainable is 
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changing from being considered as a time frame to develop strategies or capacity to obtain 
returns, towards a more integral vision encompassing the principles of sustainable 
development.  
 
 
Figure 2-2: Organisational risks, Lash & Wellington (2007) 
Companies now are more aware of the effects and impacts produced by their operations, and 
how they affect people, the planet, and their profits (Rainey, 2006). Taking actions such as 
increasing efficiency, reducing the use of resources, improving technologies and developing 
alternative sources of energy to reduce the risk of an uncertain future, represent a huge 
opportunity for companies not only to avoid a restricted future but also to make interesting 
and profitable businesses (Holliday, 2001; Lash & Wellington, 2007; Magretta, 1997; Rainey, 
2006; Wheatley, 1993). In this sense, different approaches have been deployed to help 
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companies integrate the principles of sustainability into their business models and, even better, 
to establish sustainability as the basis of their operations.  
2.3.2 Different approaches to integrate sustainability into the business perspective 
Wheatley (1993) mentions that historically companies have faced the challenges of sustainable 
development in different ways. On one hand assuring the fulfilment of rules and policies, and 
on the other looking for savings while increasing efficiency. Similarly, Lash and Wellington 
(2007) mention regulation, responsibility for employees health and safety, and mitigation of 
emissions as areas where companies have been working to achieve sustainable practices. 
In this process of seeking sustainability many approaches have been developed (Robèrt et al., 
2002). Between these approaches the ones taken by businesses to deal with the pressures of 
being sustainable have evolved and changed according to the advances in the capacity to 
measure the impacts of industrial activities and to calculate future consequences. These have 
moved from clean activities inside and outside the factories in the 1970s to sustainable product 
development in the last years of the 1990s (Bhamra & Lofthouse, 2007). Furthermore, Rainey 
(2006) affirms that today the perspective has changed again and companies are looking to 
create value in the three dimensions of the triple bottom line: environment, society, and economy. 
Companies such as Monsanto and General Electric have made this intention part of their 
corporation strategic statements: 
“We’re entering a time of perhaps unprecedented discontinuity. Businesses grounded 
in the old model will become obsolete and die. At Monsanto, we’re trying to invent 
some new businesses around the concept of environmental sustainability. We may not 
yet know exactly what those businesses will look like, but we’re willing to place some 
bets because the world cannot avoid needing sustainability in the long run”. Robert 
Shapiro Chairman and CEO of Monsanto Company. (Magretta, 1997) 
“Our customers have made it clear that providing solutions to environmental 
challenges like climate change is essential to society’s well-being, and a clear growth 
opportunity for GE. Companies with the technology and vision to provide products and 
services that address climate and other pressing issues will enjoy a competitive 
advantage”. Jeffrey Immelt Chairman and CEO of General Electric. (Lash & 
Wellington, 2007) 
 
In this race to integrate the principles of sustainable development into the business perspective, 
some of the more important approaches developed are explained in the next sections. 
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2.3.2.1 Corporate Social Responsibility 
The European Commission of Industry and Business define Corporate Social Responsibility 
(CSR) as “a process to integrate social, environmental, ethical and human rights concerns into their 
business operations and core strategy in close collaboration with their stakeholders”, (European 
Comission, 2011). This definition is aligned with the principles of sustainable development and 
makes CSR one of the most common points of departure in industry when integrating 
sustainability into the daily work. 
Bhamra & Lofthouse (2007) highlight the difference between philanthropy and CSR. While 
philanthropy aims usually to donate funds to support communities, vulnerable populations, or 
other groups of people in need, CSR is more aimed towards building relationships with the 
stakeholders of the organisation and taking into account the social, environmental, and 
economic impacts that the corporation may cause to them. Taking into account these impacts 
can help companies to work to eliminate negative effects and to create benefits for their 
stakeholders. This construction of relationships involves changes in how the corporation works 
and ideally has a strong influence on business strategy.  
2.3.2.2 Environmental management 
Environmental Management has been a concept developed to help companies fulfil regulations 
and deal mainly with environmental impacts arising from industrial activities. As an approach 
Environmental Management is linked with management innovations (UNEP, 2009) and 
organisational structures that establish processes, measurements, and points of control that any 
organisation should have to assure the best possible environmental practices. According to 
(Rainey, 2006) this approach has evolved in four stages. The evolution of environmental 
management related to the drivers that have guided this evolution is shown in Figure 2-3. 
 
 
Figure 2-3: Evolution of environmental management methodologies, (Rainey, 2006) 
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In the 1970s when governments started to regulate levels of industrial emissions and waste, 
companies tried to obey the rules with the least possible impact in their operation. Later, in 
the mid-1980s, the regulations and policies became more complex and companies started to 
feel pressure from customers and stakeholders related to their environmental performance, 
making it necessary to improve environmental management, though not from a strategic point 
of view (Rainey, 2006).  
In the 1990s with a significant improvement in ICT, customers, stakeholders and regulators 
began to demand clear and precise information about businesses operations, including impact 
on the environment (Rainey, 2006). At this point companies focused on emissions prevention 
more than waste management, but with a significant improvement in the concept of 
environmental management introducing a systemic view of environmental concerns. During 
this decade, the first standards to orient a company's environmental management systems 
were introduced, for example, by the International Organisation for Standardization (ISO). 
Rainey (2006) also emphasizes that during this time the principal problem was the 
disconnection between environmental management systems and the strategic principles of the 
companies. However, Rainey (2006) thinks that the new millennium has changed the trend 
again, and nowadays companies are more interested in creating value around social, economic, 
and environmental dimensions. It means a move away from compliance practices to look for 
business opportunities with a holistic point of view.  
2.3.2.3 Five Capitals 
The Five Capitals approach was developed by Forum for the Future in order to help 
organisations to understand how to produce and put a product or service on the market (see 
Figure 2-4).  
 
Figure 2-4: Five Capitals Model. Source: Forum for the Future 
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Five types of capital should be taken into account (Bhamra & Lofthouse, 2007). The approach 
uses the idea of capital to present the relationships between natural, social, human, financial, 
and manufacture aspects involved in the development of products and services. In that sense, it 
is in the interest and responsibility of the company to maintain and enhance these capitals 
(Bhamra & Lofthouse, 2007; Porrit, 2005). 
2.3.2.4 The Hannover Principles 
McDonough and Partners (2000) presented the Hannover Principles in the EXPO 2000 in 
Germany to guide the construction of the facilities for the world exposition in alignment with 
the principles of sustainable development. These principles become basic rules to designing 
products and services in a sustainable way and without them companies cannot achieve their 
financial goals (McDonough & Partners, 2000). The principles are presented in Table 2-2. 
 
Hannover Principles 
Insists on rights of humanity and nature to co-exists 
Recognize interdependence 
Respect relationships between spirit and matter  
Accept responsibility for the consequence of design 
Create safe objects of long-term value 
Eliminate the concept of waste 
Rely on natural energy flows 
Understand the limitations of design 
Seek constant improvements by the sharing of knowledge 
Table 2-2: Hannover Principles, (McDonough & Partners, 2000) 
2.3.2.5 Eco-efficiency 
In 1996, the World Business Council for Sustainable Development formulated one of the most 
recognized formalizations of sustainable development with a business focuses. It was defined 
the concept of eco-efficiency as: 
“Eco-efficiency is achieved by the delivery of competitively priced goods and services 
that satisfy human needs and bring quality of life, while progressively reducing 
ecological impacts and resource intensity throughout the life-cycle to a level at least in 
line with the Earth's estimated carrying capacity.” (WBCSD, 1996) 
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The main feature in the concept is to make more with less. It is to add value to the product 
with more flexible uses, with associated services and better functionality, while at the same 
time be produced with less resources, producing less waste, and looking for closed loop 
material cycles (Bhamra & Lofthouse, 2007). 
However, there are criticisms around the idea to be constantly looking for efficiency, because 
in this way it is possible to lose the environmental objectives (Bhamra & Lofthouse, 2007; 
WCED, 1987). Increased eco-efficiency can represent important saving of resources but does 
not necessarily stop the acceleration of industrialisation and can produce rebound effects for 
the savings achieved. 
2.3.2.6 The Natural Step 
This is one of the approaches more aimed at understanding the relationships between human 
and industrial activities with the environment. The Natural Step model was developed by Dr. 
Karl-Henrik Robèrt to help organisations to integrate the principles of sustainable development 
into their business strategies (Baxter, Boisvert, Lindberg, & Mackrael, 2009).  
Rather than consider the traditional approach of a triple bottom line, the Natural Step proposes 
three embedded spheres; the environmental sphere which is the biggest one and contains first 
the social sphere which contains within that the last one, the economic sphere, as is shown in 
the Figure 2-5.  
 
Figure 2-5: The Natural Step Model (Baxter et al., 2009) 
The Natural Step proposes four main principles to assure business activities are aligned with 
sustainable principles (Baxter et al., 2009): 
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− Reduction of dependency of fossil fuels and heavy metals. 
− Reduction of dependency of synthetic chemicals. 
− Reduction of the destruction of natural resources. 
− Ensure people’s ability to meet their basic needs is not undermined. 
2.3.2.7 Sustainable Business Development 
Rainey (2006) refers to the most recent interest of organisations to create value taking into 
account environmental, social, and economic interest as Sustainable Business Development 
(SBD). This approach is particularly aimed towards transforming how large corporations 
operate. In this transformation, companies should be more oriented to develop integral 
solutions based on a sustainable strategy rather than just fulfilling requirements or 
communicating results. In this sense Rainey (2006) defines the vision of SBD as: 
“SBD involves defining, assessing and improving the whole business enterprise to 
achieve superior and sustainable performance that exceeds the challenges of the 
present and the expectations for the future”. (Rainey, 2006, p. 9) 
Rainey (2006) thinks that to establish business strategies moving towards SBD is about building 
competitive advantages through value creation, offering total satisfaction, and total integration 
of the concept of sustainability in the strategic management. This transformation is related to 
linking the financial objectives with social and environmental responsibilities, moving the 
organisation from a narrow point of view focused on markets, customers, and returns, to an 
organisation with a wider view that provides total satisfaction to customers and stakeholders 
(Rainey, 2006).  
Businesses are called upon to be more efficient in the use of raw materials, energy, water and 
non-renewable resources. But at the same time they are called upon to change their 
organisational structures, to generate less waste and pollution, and to have a positive effect in 
social terms. In general all these areas of opportunity are narrowly tied to social, technological, 
and economic changes. The rapid advance of ICT and other supportive technologies in recent 
years has allowed more effective communication and better conditions of work (Dewulf & 
Duflou, 2004; WCED, 1987). These technologies, added to new social and economical 
patterns, are giving business a great opportunity to make the changes needed. However, there 
are many constraints and conditions to set up in order to change the course of industrial 
development. This type of profound changes are equally difficult for emerging economies with 
institutional problems and limited financial resources, as well for mature economies that 
depend largely on high levels of consumption. 
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2.3.3 A radical change is required 
Despite the approaches developed to help organisations to integrate sustainability into their 
business strategies and the valuable improvements achieved during the last 30 years, it is 
recognized that a more radical change is needed (UNEP, 2009). Increasing populations, 
emerging economies growing fast and high levels of consumption and demand for resources 
imply a complete transformation of the economic system (Sneddon, Howarth, & Norgaard, 
2006). Even larger increases of industrial efficiency will be not enough to fulfil the needs of 
future generations. In that sense, the call goes beyond incremental changes and demands 
systems innovation where the relationship between production and consumption change, 
favouring not only efficient practices but also sustainable behaviours. 
Related to this necessity for more profound change, Michaelis (2003) presents a strong critique 
on how producers have been adopting the concept of sustainability. According to him, 
businesses have been interpreting sustainability as a development of sustainable products. It 
means that there is a shift to better products and services but few are thinking about the 
consumption habits and the incentives that producers are giving to customers. Corporations 
and publicity agencies have a huge impact on consumption through the establishment of 
values, identities and social positions (Michaelis, 2003). Therefore they could take a more 
responsible position, not only in terms of their production practices, but also their impact on 
consumption trends.  
In this context, the type of radical change needed is not easy to achieve (Michaelis, 2003). 
Organisational transformation towards sustainable development at that level of reshaping the 
relationship between production and consumption faces big obstacles, especially coming from 
old models (Rainey, 2006).  
Current production systems have been the result of big investments and to abandon them is a 
difficult decision for managers and business owners. Achieving innovation at a systemic level 
requires large investment, development of new markets, and commitment from different 
stakeholders. Therefore approaches that can support innovation at that level are particularly 
useful to integrate sustainability into the business perspective. Product Service Systems (PSS) 
has been identified as an approach with the potential to produce radical change towards 
functional economies with benefits in terms of sustainability (Goedkoop et al., 1999; Manzini & 
Vezzoli, 2003; UNEP, 2009). In the research presented in this thesis, PSS are considered for 
their potential to help small and medium enterprises (SMEs) to move towards more 
competitive and sustainable business models. 
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2.4 Product Service Systems 
During the last number of decades, aligned with the idea to achieve sustainable development, 
there has been a desire for a functional economy based on the creation of value through the 
fulfilment of needs instead of the provision of products. This functional economy can generate 
fewer environmental and social impacts than traditional production and consumption models 
(Manzini & Vezzoli, 2003; Mont, 2002a; Roy, 2000). Additionally, a functional economy can 
help businesses to face new customers expectations. In recent decades a transformation of the 
sources of value has been occurring. Previously, the conversion of raw materials into products 
was the main added value, but today other aspects such as intellectual property, aesthetics, 
corporate image and design are important creators of value for the customers (Esslinger, 
2011). Markets change and business needs to add value to products, offering better 
alternatives to fulfil consumers needs (Cook et al., 2006). 
Economies such as the UK and US have seen important changes towards an industry of 
services. In the UK from 1950 to 1990 employment generated by manufacture decreased from 
35% to 20%, whereas the employment in services increased from 32% to 57%. It’s a similar 
case in the US where manufacture employment decreased from 25% to 15% and services 
employment increased from 40% to 62% (Roy, 2000). According to Tukker and Tischner 
(2004), in some industries selling products is considered an old business model and it is more 
desirable to sell integrated solutions. Mobility, entertainment, and security are examples of 
sectors that require offers with high added value but that have been traditionally satisfied with 
intensive material approaches (Roy, 2000). 
In the context of seeking a functional economy and accomplishing innovation at systems level, 
Product Service Systems (PSS) have been identified with the potential to achieve the 
transformation from producing and selling physical products to designing and offering system-
based solutions (Goedkoop et al., 1999; Manzini & Vezzoli, 2003). In different definitions of a 
PSS there are two common ideas, first products and services that jointly can satisfy customers 
needs, and second innovation involved in how the needs are satisfied. Some of the most 
recognized definitions of a PSS are presented in Table 2-3. 
Behind the development of PSS are two main motivations related to business and 
sustainability. In the first case, the driver has been achieving a way to offer integrated high value 
solutions that can satisfy flexible demands. It also means putting the organisation that offers this 
kind of solution in a better competitive position into the value chain (Tukker & Tischner, 
2004). In the case of sustainability, these solutions have been seen as a way to reduce flow 
materials, energy consumption and afford an efficient use of products (UNEP, 2009). As a 
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result of the evolution of the concept, different methodologies to design and implement a PSS 
have been developed. These methodologies are mainly oriented to present a set of tools that 
can guide an organisation to develop a PSS as an innovative business model. 
 
Author Definition 
Goedkoop et al., 
1999 
“A Product Service System (PS) system is a marketable set of products and 
services capable of jointly fulfilling a users’ need. The product/service ratio can vary, 
either in terms of function fulfilment or economic value” 
Mont, 2002a “PSS should be defined as a system of products, services, supporting networks and 
infrastructure that is designed to be competitive, satisfy customers needs and have 
a lower environmental impact than traditional business” 
Manzini & Vezzoli, 
2003 
“PSS can be defined as an innovation strategy, shifting the business focus from 
designing (and selling) physical products only, to designing (and selling) a system of 
products and services which are jointly capable of fulfilling specific client demands” 
Tukker & Tischner, 
2004 
“Product Service (PS): a value proposition that consists of a mix of tangible 
products and intangible service designed and combined so that they are jointly are 
capable of fulfilling integrated, final customers needs...PSS: the product-service 
including the network and infrastructure needed to ‘produce’ a product-service” 
Table 2-3: Definitions of Product Services Systems 
2.4.1 Methodologies to design and develop PSS 
In the literature there are different methodologies and tools to design and develop PSS. There 
is, for example, MEPSS (Methodology for Product Service System Innovation) (Van Halen et 
al., 2005). In this methodology, PSS is recognized as a highly complex innovation and in order 
to guide the development of these systems a five-phase process is proposed by (Van Halen et 
al., 2005). This process is aimed mainly at developing new PSS and it should be lead by a group 
of experts involving different stakeholders in the supply chain. MEPSS uses diverse types of 
tools during the five-phase process, from strategic ones such as a SWOT analysis or a Balance 
Scorecard analysis, to others more particular to environmental analysis such as LCA and 
Sustainability Radars (Van Halen et al., 2005).  
Another approach to develop PSS is presented by UNEP (2009) in the Design for 
Sustainability (D4S) program. In this approach, a pilot project within a niche market before the 
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system is launched in the real market is recommended. In order to carry out this pilot project 
UNEP (2009) proposes five stages and a set of tools for each one (See Table 2-4). 
 
Steps in the pilot project Suggested tools 
1. Exploring opportunities -Drawing a system map / blueprint 
-Sustainability SWOT 
-Checklist for analysing existing reference system 
2. PSS idea generation and selection of the most 
promising concepts. 
-Sustainability guidelines level 1 
-Format of PSS concept integration 
-PSS sustainability screening tool 
-Portfolio diagram sustainability and feasibility 
3. Detailing selected PSS concepts or PSS design. -Sustainability guidelines 2 
-Extended system map of the new system / 
blueprint 
-Extended description of the new system 
-First advertisement for the new system 
4. Evaluation of the detailed concepts and testing 
if possible. 
-Three sustainability radars for the three 
sustainability dimensions with six criteria each 
5. Planning implementation. -List of specifications for PSS implementation 
-Business plan for new PSS 
Table 2-4: Steps and tools D4S approach to develop PSS 
Sustainable Product and Service Design (SPSD) is another approach to develop PSS proposed 
by Maxwell & van der Vorst (2003). In this approach, a function to be fulfilled is analysed in a 
life cycle perspective, identifying potential negative impacts in order to define the best possible 
combination of products and services that can satisfy the customers while reducing or avoiding 
those impacts. This approach is more focused on developing new concepts rather than 
transforming existing businesses offers. 
The project SUSPRONET (Tukker & Tischner, 2004) presents other tools and experiences for 
developing PSS as part of a European collaboration to collect best practices in selected 
industrial sectors. These best practices where collected thanks to different working groups and 
partnerships around Europe. From these experiences, recommendations regarding the 
development of PSS were summarised in the report New Business for Old Europe (Tukker & 
Tischner, 2004). Finally Gottberg, Longhurst, & Cook (2010) mention other initiatives and 
projects related to the development of PSS such as Prosecco, BISS, DES and Kathalys.  
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2.4.2 Types of PSS 
Three basic types of PSS are recognized according to the combination and importance of each 
component (tangible and intangible) in the offer (Cook et al., 2006; Mont, 2002a; Tukker & 
Tischner, 2004). The first one is Product Oriented PSS, where there is a product 
complemented by a set of services such as maintenance, replace, or update. In this case, the 
property of the physical product usually remains with the customer (Cook et al., 2006). The 
second is Use Oriented PSS, which is an offer where the product (tangible part) is the 
property of the producer and the customer pays for a specific use of the products and services 
of the system. It generally implies use for a determined period of time or service units. For 
example, in this category are leasing, sharing, and pooling systems (Cook et al., 2006). Finally, 
there’s Result Oriented PSS, where the producer owns the products and there is an accorded 
result for what the user will pay. In these systems the producer can chose the most efficient 
products and services to deliver the result predefined. One example of this kind of PSS is a 
user that pays for clean clothes rather than buying a washer machine or paying to use one 
(Roy, 2000). 
In all of these types of PSS there is as an agreement about the high levels of innovation, design, 
and use of technology that are needed to achieve economic and also social and environmental 
benefits. Also, it is recognized that any PSS requires organisational changes in order to be 
successfully developed (Maxwell & van der Vorst, 2003; Roy, 2000; Tukker & Tischner, 2004). 
The initial organisational situation and the type of PSS that will be developed define how 
drastic the changes needed are. In this sense, Tukker (2004) divides the three basic types of 
PSS in eight subcategories as it is shown in Figure 2-6. 
 
Figure 2-6: Main categories and subcategories of PSS (Tukker & Tischner, 2004) 
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Within these types of PSS the Result Oriented ones, including activity management, pay per 
service unit, and functional result, are the ones that have most potential to achieve benefits in 
environmental, social, and economic dimensions (Mont, 2002a; Tukker & Tischner, 2006a). It is 
in these PSS that there is more freedom and space to optimize the system to satisfy the 
customers’ needs.  
2.4.3 Sustainable PSS 
The idea of PSS being more sustainable than traditional business models is not directly 
included in the definitions of a PSS. However, it is agreed that PSS have the potential to be 
sustainable solutions if they are designed with that purpose (Mont, 2002a). In that sense, 
Tukker and Tischner (2004) mention that this sustainable potential is associated with the 
capacity to fulfil needs with services and not with products. These services could include less 
material, better disposal scenarios and more control in the energy consumption during the 
usage phase by changing the property structure with more responsibility on the producers. 
Different ways to express that potential of a PSS becoming a sustainable solution are 
presented in Table 2-5.  
The key to the sustainability of a PSS is the integrated design of all the elements in the system 
to fulfil a function (Mont, 2002a). Due to this, it is possible that the economic interests of the 
stakeholders can converge, encouraging the optimization of the whole system (Manzini & 
Vezzoli, 2003). It is from the optimization of the whole system that environmental and social 
benefits arise. The optimization of the system is possible because one function can be fulfilled 
with many different systems (Goedkoop et al., 1999). It is that level of freedom that allows the 
stakeholders in the system to find efficient and sustainable solutions. PSS also have the 
potential to reorient unsustainable production and consumption practices (Manzini & Vezzoli, 
2003; Mont, 2002a). 
The optimisation of the system and the influence in the production and consumption practices 
are characteristics linked to the idea of decoupling. Decoupling means growth in economic 
terms without causing pressure on the environment in resources and energy consumption 
(Tukker & Tischner, 2004). There are two kinds of decoupling: relative and absolute. The first 
one is where there are environmental impacts that grow less proportionally than economic 
growth. Absolute decoupling means a decreasing environmental impact at the same time that 
the economy grows. Tukker and Tischner (2004) highlight that for different kinds of impacts, 
different levels of decoupling are needed. Facing global impacts such as climate change require 
absolute decoupling. According to Tukker and Tischner (2004), there are two relevant aspects 
to take into account to achieve absolute decoupling: first, intervention in the production and 
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consumption system, and second, managing the rebound effects caused by the intervention. 
These aspects can be managed throughout the design of sustainable PSS. 
 
Author Definition 
Roy, 2000 “The key to sustainable product-service systems is that they are designed and 
marketed to provide customers with a particular result or function - clean clothes, 
mobility, warmth, etc. – without them necessarily having to own or buy physical 
products, such as a washing machine, a car or fuel, in order to get the result.” 
Mont, 2002a “PSSs consist of a combination of eco-designed products, reinforced by designed 
services at different stages of a product’s life cycle, and compromising different 
concepts of the product use [...] closely involving final consumers and actors in 
the chain and beyond” 
Manzini & Vezzoli, 
2003 
“PSS can produce synergies in profit, competitiveness and environmental benefits, 
because of the opportunities which arise from broadening the system to be 
optimized [...] the potential eco-efficiency of a PSS relies on system optimization 
[...] because of the stakeholders’ convergence of interests” 
UNEP, 2009 “As a strategy for innovation, PSS can be thought of as widening the scope for 
design and development to include coordination and re-configuration of a set of 
products and services to meet customer needs in a more economic, 
environmentally efficient and socially sensitive way” 
Table 2-5: Potential of a PSS to become a sustainable solution 
2.4.3.1 Environmental, social, and economic benefits 
PSS designed to satisfy customers by innovative means and optimizing the elements of the 
system can bring benefits in the three dimensions of the triple bottom line: environment, society, 
and economy. A PSS with these characteristics can be considered as a sustainable PSS. 
In economic terms, sustainable PSS can create differentiation, flexible offers, encourage 
innovation, increase customers’ loyalty, and put companies in a better strategic position (Mont, 
2002b; Tukker & Tischner, 2006a). In terms of social benefits, sustainable PSS can create 
awareness of relationships between stakeholders, contribute to building collaborative 
networks, make markets more diverse while benefiting the customers, and finally they can 
enable people to access services through communal and rental systems previously forbidden 
by costs or physical restrictions (Ness, 2007).  
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However, where more benefits from sustainable PSS are recognized is in the environmental 
dimension. Tukker and Tischner (2004) highlight a set of potential environmental benefits 
achievable through servitization and dematerialization. Additionally, other benefits arise from a 
reduction in the use of raw materials, reduction in energy consumption, reduction or 
elimination of hazardous materials, reduction in the volume of products produced, less 
generation of waste and less dependency on material offers to satisfy needs (Cook et al., 2006; 
Maxwell & van der Vorst, 2003; Mont, 2002a; Tukker & Tischner, 2004). Also, more efficient 
use of products, longer product life cycles, closed material flows and more responsibility in the 
producers (Mont, 2002a; Omann, 2007). 
Finally, because the structure of property and responsibilities change due to the PSS, producers 
are more motivated to use less resources and assure better consumption of them specially in 
result oriented PSS (Cook et al., 2006; Tukker & Tischner, 2004). Despite these benefits 
(Tukker & Tischner, 2006b) mention that the potential of product and use oriented PSS to 
achieve high factors of environmental improvement has been traditionally overvalued. 
According to them it is mainly in result oriented PSS where it is possible to achieve a factor X 
of improvement aligned to a sustainable development.  
2.4.3.2 Conditions, drivers, and barriers to develop PSS 
In order to have successful development of a PSS with potential to be a sustainable solution, a 
systemic view of resources optimization is required (Manzini & Vezzoli, 2003). It means that 
each actor must work to optimize its own resources, but at the same time they have to look 
for the resource optimization of the whole system. A convergence of interests among the 
stakeholders is needed (Manzini & Vezzoli, 2003). Some other requirements to assure 
successful development of a PSS with the potential to be sustainable are: 
− Despite the organisation size the adoption of PSS concept is more effective if 
there are selected stakeholders in the supply chain with control over the 
product design and development stages in the product life cycle, (Maxwell & 
van der Vorst, 2003). 
 
− The implementation of a PSS requires a strong connection between the actors 
that make the offer, especially between manufactures and service providers 
(Mont, 2002a). 
 
− The marketing strategies of the offer should be directed to fulfil needs and to 
educate the consumer to change their habits toward a sustainable way (Mont, 
2002a). 
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− According to Manzini & Vezzoli (2003) the PSS has to achieve a high innovation 
level supported by a new stakeholder configuration. 
 
− Finally the company has to assure an interesting scheme to motivate the return 
of products to get close material cycles and short transport distances (Mont, 
2002a). Additionally, firms should present alternative scenarios for its offer 
exposing their environmental and social characteristics.  
In addition to these requirements Mont (2002b) presents a set of drivers and barriers 
identified in the adoption of a service oriented solution in the industry such as a PSS. These 
drivers and barriers are presented in Figure 2-7. 
 
 
Figure 2-7: Internal and external drivers and barriers for a service based solution (Mont, 2002b) 
Mont (2002a) also says that one of the most important barriers is to assume that customers 
will immediately accept the loss of property in a PSS. An example of this difficulty related to 
the resistance to give up products ownership in the context of PSS is presented by (Gottberg 
et al., 2010). In that sense there are consumption habits that have to be changed and in a few 
cases this shift can be done in a radical way, usually it takes time and effort from producers. 
This point is supported by Rainey (2006) who states that a transformation towards a 
sustainable business model should be done in stages even if the system implies radical 
concepts.  
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Related to this customer acceptance, Manzini and Vezzoli (2003) present three cases as 
examples of successful implementations of sustainable PSS; Digodream, Kluber and Allegrini. 
These sustainable PSS were implemented using known technologies in established social 
contexts, making its acceptance more likely. The providers of these sustainable PSS found an 
unsatisfied demand and developed innovative solutions to satisfy potential customers (Manzini 
& Vezzoli, 2003). However, there are PSS based on radical concepts that may find more public 
resistance. 
Finally, taking into account the potential economic, environmental, and social benefits of a PSS, 
the examples mentioned, and the drivers and barriers that can motivate or stop a company 
moving towards this type of system, two areas were identified as important elements in the 
design of a sustainable PSS. On one side, design as means to integrate sustainability into the 
process to identify customers’ needs, generate ideas to develop products and services that 
together can satisfy those needs, and foster a system to successfully implement that offer in the 
market. On the other side, Information and Communication Technologies (ICT) as facilitator 
of the relationships between stakeholders, influencing the design of products and services, and 
enhancing the possibilities to develop highly innovative solutions. These roles and potential 
contributions are discussed in the next sections. 
2.5 Integrating sustainability into business through design 
The design of products and services is strongly related to sustainability. The decisions made in 
the design stage have a large influence on how products will perform and how they will be 
produced, used, and disposed of at the end of their lifespans (Bhamra & Lofthouse, 2007).  In 
other words, design can largely define the type and level of environmental and social impacts 
of a company and its economic results. Some of these decisions in the design stage, with large 
influence on the company performance from a sustainable point of view, have to do with the 
selection of materials, functionality, consumables needed, type of energy required, products 
lifespan, reparation, remanufacture and recycling (Bhamra & Lofthouse, 2007).  
Even more important for sustainability purposes, designers should decide whether the product 
is really needed and if there are better ways to satisfy the customers. A first step to achieve 
the radical change required to move forward in sustainable development is to identify real 
needs behind traditional products and services. There is a large potential to develop 
sustainable solutions if the real needs behind customers desires are identified (Esslinger, 2011). 
According to Esslinger (2011) “Designers have a responsibility to connect and coordinate human 
needs and dreams with new opportunities and inspirations from science, technology, and business in 
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order for products and their usage to be culturally relevant, economically productive, politically 
beneficial, and ecologically sustainable”.  
One of the first approaches developed to integrate sustainability into a business perspective 
focused on the design of products and services was eco-design. This life cycle oriented 
approach developed in the early 1990s was mainly focused on environmental impacts (Brezet 
& Van Hemel, 1997) and it is still a recognized methodology today, especially for SMEs. Based 
on eco-design came more recent design for sustainability. This life cycle oriented approach 
supports the integration of sustainability in businesses with a more holistic perspective, 
including not only environmental aspects but also social and economic concerns. Design for 
sustainability has the capacity to support innovation at systems level, promoting the radical 
change needed to achieve sustainable development. 
2.5.1 Design for sustainability 
Design for sustainability is design that considers the environmental and social impacts of a 
product, service, or system at the same time as considering economic concerns (Bhamra & 
Lofthouse, 2007). It is an approach focused on the analysis of the life cycle of products and 
services to identify potential negative environmental and social impacts. Using different 
methods the objective of design for sustainability is to reduce or eliminate these negative 
impacts by improving products and services, developing new concepts or innovating on a 
systems level.  
This approach is mainly concentrated on the aspects of sustainable development that are 
directly related to product and service design (UNEP, 2009). In that sense, the integration of 
the principles of sustainability into the business strategy is achieved through the transformation 
of the design of products and services, and then extending that transformation to the rest of 
the organisation. In order for companies to transform the design of products and services and 
consequently satisfy their customers, the methods proposed range from incremental changes 
to radical innovations. 
Design for sustainability integrates tools, methods, and knowledge built during the last decades 
around the intention to integrate sustainability into a business perspective. These tools, 
methods, and concepts represent areas of opportunity that can lead and frame the design of 
products and services with better environmental performance and can reduce or eliminate 
negative social effects. In that sense, these areas of opportunity can represent a potential 
contribution to design sustainable PSS. A list of these possible areas of opportunity are 
identified by Bhamra and Lofthouse (2007), UNEP (2009) and Van Halen et al. (2005) and are 
presented in Table 2-6. 
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Areas of opportunity from Design 
Selection of eco-materials 
Dematerialization 
Production optimization 
End of life optimization 
Process efficiency 
Encouragement of sustainable consumption 
Collaborative design 
Reduction of waste and emissions 
Savings in use of resources 
Reduction in energy consumption 
Table 2-6: Areas of opportunity to design sustainable products and services 
2.5.1.1 Innovation as a key factor 
According to UNEP (2006) innovation should be included in the strategy of a company and 
integrated with other strategic approaches to analyse the company's portfolio and identify new 
opportunities. In this sense UNEP (2009) establishes a direct relationship between the capacity 
to innovate and possible gains in terms of sustainability. Incremental innovation is then linked to 
improvements of factor four, while radical innovation is often mentioned as factor 10 or even 
higher. A factor four means to be four times more efficient in the use of resources and energy, 
while a factor 10 means to be 10 times more efficient. UNEP (2009) mentions a factor 20 as 
the level required to achieve sustainable development. In Figure 2-8 the relationship between 
eco-efficiency factors, four different methods to transform the design of products and services 
from incremental to radical innovation, and the estimated timeframe of each of these methods 
is presented. 
Design for sustainability as an approach to integrate sustainability into the business perspective 
includes different methods, linked to the level of innovation achieved and the decisions made 
in the design stage. In general, the depth of the changes made in the product and service 
design and the tools used to make those changes are the factors that establish the divisions 
between the methods. There are different views to present the methods and tools used in 
design for sustainability. UNEP (2009) presents, for example, a particular vision that includes 
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benchmarking, redesign, function innovation, and system innovation. Bhamra & Lofthouse 
(2007) present another view, making the distinction mainly between incremental 
improvements and radial innovation with their respective tools. 
 
 
Figure 2-8: Improvement factors, methods to transform the design of products and services and 
timeframes, (UNEP, 2009) 
In both perspectives, it is recognized that the highest improvements in terms of sustainability 
can be achieved at the system innovation level. It is at this level that customer needs can be 
satisfied with non-traditional offers usually using fewer materials, less energy, and encouraging 
sustainable behaviours in both production and consumption sides. Therefore, both approaches 
present a series of tools and methods that can support the development of PSS as a system 
innovation able to achieve radical changes towards sustainability.  
2.5.2 Design supporting sustainable PSS 
In addition to the important decisions in the design stage that can influence the sustainable 
performance of products and services and the areas of opportunity mentioned before, in the 
design stage of a product development process up to 80% of the costs associated with 
development, manufacturing and use of the product are established (Mascle & Zhao, 2008). 
Furthermore, design has been recognized as a rare and inimitable skill, as a core competence 
that can give superior value to customers and to the company (Borja de Mozota & Kim, 2009). 
In that sense, design is not only important by its capacity to integrate sustainability into a 
business perspective but also from a strategic point of view. 
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In the context of PSS, different authors have mentioned the importance of design. Manzini and 
Vezzoli (2003) call designers to develop a strategic design. It means design with the ability to 
integrate products, service, and communication in a sustainable way. Design with the capacity 
to transform the relations among the actors in the system. Similarly, Esslinger (2011) presents 
the role of designers as a connector between new technologies, customers needs, and 
sustainable solutions. Furthermore, Creusen (2011) presents, as a fundamental point in a PSS, 
the integrated design of the elements that constitute the system. Design that has to assure the 
consistency of values between those elements.  
Finally, Bertoni & Bertoni (2011) remark that “From a PSS view, however, the design stage is no 
longer merely a matter of fulfilling a requirements list, but has the objective of developing solutions 
that maximize the value for customers”. 
2.5.2.1 Design in SMEs 
In terms of the role of design in SMEs, there is previous research that explains this relationship. 
Moultrie et al. (2007) present a series of arguments about why design is an important 
organisational competence for SMEs. They mention, for example, how design can give 
company differentiation, can encourage innovative aptitudes, can contribute to strengthening of 
commercial relationships and communicate value to customers. In this work, the authors also 
present an audit tool to assess design practices in these types of companies.  
In another related work, Borja de Mozota (2003) developed a design management model for 
European SMEs, analysing data collected from 33 SMEs during the European Design Prize in 
1997. In the results of this research SMEs were interested in design due to the product 
differentiation, advantages to launching a new brand, and leadership that design can gave to 
them. Also, according to this study, SMEs think that design creates product value associated 
with better quality, appearance, user satisfaction and product functionality between others.                                                                
Also related also to the relationship between design and SMEs, there are other previous works 
on innovation and design thinking in SMEs (Jorgensen & Ulhoi, 2010; Ward, Runcie, & Morris, 
2009). In all these studies, design is highlighted as an important competence for a SME and 
with the capacity to help this type of company to achieve a better strategic position, be more 
flexible and have a better understanding of the market. Therefore, the role of design it is not 
only important in terms of the potential contribution to design sustainable PSS but also as 
organisational competence that can help SMEs to improve their performance. 
Despite these benefits, Moultrie et al. (2007) also highlight how product design is often 
undervalued in small companies and its potential benefits are lost. This marginalization of 
 65 
design is manifested by unclear design practices, unskilled design professionals doing design 
tasks, and managerial resistance. These results are similar to the findings from the study made 
by Pontificia Universidad Javeriana & Prodintec (2010). In this study, done with SMEs from the 
leather industry in Colombia and SMEs from the furniture industry in Spain, similar conclusions 
highlight the difficulties for SMEs to integrate design as part of their organisational models. 
These difficulties have highlighted that design appears to be more of an operational tool than 
an organisational competence with strategic value. Even if design is important for SMEs and 
there are areas of opportunity to contribute to the development of sustainable PSS, it is not 
clear what precisely that contribution is and how to take advantage of it in the context of 
SMEs. 
2.6 Information and Communication Technologies and Sustainability 
According to Pamlin (2002), Information and Communication Technologies (ICT) can be 
defined as: “any product or system that communicates, stores and/or process information”. This 
definition presents different opportunities to design and develop applications using ICT that go 
further than the ICT industry. In this sense, Erdmann et al. (2004) say that ICT has the 
potential to affect other industries and sectors acting as integrating and enabling technologies. 
Though research into the relationship between ICT and sustainability is a very new area, this 
capacity of integration when ICT is oriented to build sustainable businesses can represent key 
areas of opportunity (Erdmann et al., 2004; Langrock et al., 2002; Pamlin, 2002; Ryan, 2004).  
Particularly in relation to the environment, ICT has been identified as one possible innovation 
to face the challenges of sustainable development (Falk & Ryan, 2007). Some of the industries 
that have introduced ICT applications to manage environmental pressures are for example: 
construction developing a complete new industry of green building, (Pamlin, 2002); transport, 
exploring opportunities in pollution control and new sources of power and energy including 
more sophisticated control systems and distribution of electricity (Erdmann et al., 2004). Six 
cases where ICT can contribute to develop sustainable products and services are presented by 
Cohen (2002) in Figure 2-9.  
Erdmann et al. (2004) mention other ICT applications that could have positive impacts in 
terms of environmental sustainability: e-business, virtual mobility, waste management, intelligent 
transport systems, and facility management. However, these ICT applications can have also 
negative impacts due to different kinds of interactions and ways to design and deploy the 
solutions (Berkhout & Hertin, 2004).  
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Berkhout and Hertin (2004), Katsumoto (2003) and Langrock et al. (2002) have mentioned 
some of the positive and negative effects of using ICT. For example, for Katsumoto (2003) ICT 
applications can improve transport system shifting activities from the physical field to the virtual 
one, can make environmental management more efficient and more accurate and control the 
of production systems, but in contrast they can increase the use of energy and resources and 
finally the amount of waste that goes to landfills.  
 
Figure 2-9: Opportunity areas to achieve environmental gains through ICTs, (Cohen, 2002) 
For Berkhout and Hertin (2004) research in this field has shown two radical trends. First, the 
positivist, who thinks that ICT applications have great potential supported by the idea that 
information can substitute physical matter and relieve environmental pressures. The second 
trend, the pessimists, who think the increase in the production of ICT equipment will produce 
an increase of waste with direct negative environmental impacts. Additionally in this trend, 
according to Berkhout and Hertin (2004), there is an agreement on undesirable characteristics 
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in ICT equipment such as short innovation cycles that make the products obsolete in a short 
period of time and a high demand of performance that results from new equipment and 
incompatibility between technologies. In this sense, ICT equipment and applications can be 
seen as a new kind of modern consumerism, far away from the objectives of dematerialization 
(Berkhout & Hertin, 2004). 
Despite the possible negative impacts, the use of ICT has positively changed the way in which 
consumers and firms interact. Currently, consumers can get more precise information about 
the products that they are purchasing, including information about its environmental 
performance. This access to more complete information is an important opportunity to change 
the purchasing decision process. Also, this interaction opens up opportunities for firms to use 
that communication to reinforce positive behaviour and highlight their competences (Berkhout 
& Hertin, 2004). In summary, in Table 2-7 the main areas of opportunity where ICT can 
contribute to develop sustainable businesses are presented (Cohen, 2002; Erdmann et al., 
2004; Pamlin, 2002; Ryan, 2004). 
 
Areas of opportunity from ICT 
Industrial efficiencies 
Dematerialization 
Development of smart green products 
Servicing 
Green buying 
Social inclusiveness 
Industrial safety 
Improvements in communication across supply chains 
Customer empowerment 
Table 2-7: Areas of opportunity where ICT can contribute to develop sustainable businesses 
2.6.1 Innovation and ICT in the context of sustainable development 
According to Falk and Ryan (2007), today it is accepted that it is not possible to achieve 
sustainable development if major problems such as climate change are not solved. In this order 
of ideas climate change is presented as a paradigm case of the challenge to achieve sustainable 
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development. So, for Falk and Ryan (2007) the question is what kind of innovation is needed 
to solve this kind of problem. It has to be dynamic, vigorous, new and not only in technological 
terms. According to Falk and Ryan (2007), this innovation has to show how things will be done 
and especially how things will be understood and valued in a constraining and constantly 
changing future. 
Falk and Ryan (2007) and Ryan (2002a, 2002b) call this kind of innovation eco-innovation, and 
among the possible technologies considered to develop this eco-innovation, ICT are one of 
the most suitable (Falk & Ryan, 2007). This suitability is supported by the convergence of ICT 
with other kinds of innovation and the social changes provoked by them. Erdmann et al. 
(2004) present three areas of opportunity where the integration of ICT can contribute to the 
achievement of innovation at systems levels and in that sense a sustainable future. These areas 
are: 
− Communication: Consumers should receive the most complete information 
about products environmental performance, not only of ICT equipment also 
from other products. It helps to include the environmental concerns as part of 
the purchase criteria. This information should include declarations, eco-labels 
and rankings for products and services allowing the consumer to compare them 
(Erdmann et al., 2004). 
− Product Design and Development: It is crucial to pay attention to this stage in 
the product development process, especially to be sure that designers have the 
tools and methods to include environmental concerns in the product design. 
According to Erdmann et al. (2004), it is possible to do this through pilot 
projects involving the whole set of actors involved in the value chain. 
Additionally, information about optimal use of materials and efficient use of 
energy should be spread with special focus in SMEs.  
− Product Service Systems: in this point Erdmann et al. (2004) emphasize the 
importance of motivating innovation at industrial level as a driver to change 
from product systems to product-services systems: “Although there are widely 
diverging opinions concerning an ICT-based product-to-service shift and its 
possible energy saving and dematerialization effects, it is again the significant 
potential for change that makes this issue important.”  (Erdmann et al., 2004) 
Within this last area, there is no precise evidence that explains how ICT can contribute to 
design and develop sustainable PSS. However, there are previous suggestions of potential 
contributions. For example, Mont (2002a) highlights the potential of ICT to contribute to the 
achievement of organisational efficiency and the communication skills required to develop a 
 69 
PSS. Roy (2000) defined that relationship in terms of the possibilities that new technologies 
can bring to make PSS more practical and economically viable. Finally, Manzini & Vezzoli 
(2003), Mont (2006) and Tukker & Tischner (2004) mention how ICT can help to build 
measures and performance indicators for these systems. These suggestions are not enough to 
conclude how ICT can contribute to design sustainable PSS but together with the areas of 
opportunity identified in Table 2-7 are the basis to explore a more concrete contribution.  
2.6.2 ICT in SMEs 
There are different models proposed for the adoption of ICT in SMEs. Chapman et al. (2000) 
present the project AutoLean, developed in the UK to integrate ICT in SMEs in the automotive 
industry. In this project, the model used was developed by Poon & Swatman (1997). In this 
model, the adoption of ICT is understood as a progressive process from basic technologies to 
specialized software and equipment, related mainly to building networks across the supply 
chain (Chapman et al., 2000). Taylor and Murphy (2004) present two models to develop an 
ICT adoption process in SMEs. The first one, developed by Martin & Matlay (2001), is similar 
to the model presented by Poon & Swatman (1997) in the sense that the adoption is 
considered as a sequential process. In this model, the benefits coming from the use of ICT are 
directly related to the level of sophistication of the ICT used (see Figure 2-10).  
 
 
Figure 2-10: Adoption model of ICTs in SMEs, (Martin & Matlay, 2001) 
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The second model, developed by Foley & Ram (2002), presents three main applications of ICT 
in SMEs: publish, interact, and transform. In this model, the main applications of ICT are 
intersected with the company’s internal areas and the opportunities emerge from the synergies 
between business areas during the use of ICT (Taylor & Murphy, 2004). 
Finally, Kotelnikov (2007) emphasizes that not all SMEs are equal, each firm has its own 
features, objectives and strategies. This means that each firm needs different kinds of 
technological solutions from basic communication equipment such as fixed phone lines to 
management information systems such as Enterprise Resource Planning Systems (ERP) or 
Customer Relationship Management Systems (CRM) (Kotelnikov, 2007). In this sense, there is 
a relationship between the organisational objectives, the ICT needed, the possible applications, 
and the potential benefits. Kotelnikov (2007) presents a general progression of a SME adopting 
ICT (see Figure 2-11). 
In terms of barriers and conditions to using ICT, Monge-Gonzalez et al. (2005) present a study 
carried out with Central American SMEs. In this study, the authors discovered that SMEs do 
not massively use ICT because they don’t see potential uses in their businesses. They believe 
adopting ICT is expensive and usually they don’t have knowledge or training in using ICT. 
Finally, with the SMEs that use ICT, Monge-Gonzalez et al. (2005) found that the technologies 
used were very basic and far from e-commerce and e-business platforms, which are 
fundamental areas of opportunity in terms of the relationship between ICT and PSS. 
           
 
Figure 2-11: Common progression in an ICT adoption process (Kotelnikov, 2007) 
2.7 Conclusions 
According to the research aim presented in Chapter 1, this literature review helped to achieve 
the first objective proposed defining the evolution of the PSS concept, the main features of a 
sustainable PSS, and the role of ICT and design in the development of sustainable businesses. 
 71 
These elements also contributed to partially achieving the third objective presented in Section 
1.4, identifying individual areas of opportunity in the ICT and design fields that can influence the 
design of sustainable PSS. The objectives achieved and the research questions related to these 
objectives are shown in Table 2-8. In the following paragraphs the main conclusions of this 
literature review and the gap in knowledge identified are described. 
 
Objectives Questions 
 1. To critically review literature and other 
secondary sources covering the role of ICT and 
design in the development of sustainable 
businesses and the main characteristics and 
evolution of the Product Service Systems field. 
 
 
 
 
1. What is the perception of traditional 
manufacturing SMEs to transform 
themselves towards sustainable PSS? 
 2. How can design and ICT be integrated in 
order to contribute to the design of 
sustainable PSS? 
 3. What are the areas of opportunity where 
the integration between design and ICT can 
contribute to design sustainable PSS? 
3. To identify possible routes of integration 
between design and ICT that could characterize a 
sustainable PSS and contribute to its design. 
 2. How can design and ICT be integrated in 
order to contribute to the design of 
sustainable PSS? 
Table 2-8: Objectives and research questions addressed in Chapter 2 
Despite the potential benefits sustainable PSS are still at an early stage of research (Ness, 
2007) and there are few successful examples of these kinds of systems with a sustainable focus 
and not developed just for economic considerations (Mont, 2002a). There are even fewer 
examples of sustainable PSS developed by SMEs. Among the reasons why there has not been 
widespread adoption of the concept, Tukker and Tischner (2004) mention that from a 
business perspective a shift to a PSS, as with any other business movement, has to be studied 
and carefully managed because it is possible to lose competitive advantages and not achieve 
benefits in economic and environmental terms. Also related to this business transformation, 
Cook et al. (2006) found in their research that UK manufacturers do not perceive real 
incentives to make the change because they do not recognize many PSS examples in the 
market with concrete gains in the three dimensions of the triple bottom line. 
The challenges to design and develop sustainable PSS can be clustered into two groups. First, 
the challenges linked to the design of the system, and second the ones related to the changes 
that a sustainable PSS needs to operate and also produce once it is in operation. Concerning 
the first group, Creusen (2011) mentions that one of the main difficulties in designing 
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sustainable PSS is achieving products and services that together can create value and be 
consistent with the aim of the system. This complex design of the elements of the PSS implies, 
for example, allowing the participation of other stakeholders in the design of the system, 
sharing information and control to achieve the optimization of the system, and finding a way to 
integrate economic, environmental, and social aspects (Creusen, 2011; Tukker & Tischner, 
2004). Concepts such as product life cycle, closed-loops, intangible value, reuse, leasing, and 
sharing become important in the design of sustainable PSS (Mont, 2002b; Ness, 2007). In many 
cases, companies do not have the knowledge to understand these concepts or the capacity to 
integrate them into the design process and consequently there is a natural resistance against 
developing a PSS (Cook et al., 2006). 
The second type of challenge is associated with all the changes that the development of a 
sustainable PSS may need and produce in the context of the company that is offering the 
system. On one hand, the ownership structure may change putting more responsibility on 
producers, who in many cases retain the ownership of products and infrastructure. This means 
that companies and customers have to make the shift from producers and consumers of 
products respectively to being providers and users of a function. The attachment to physical 
products causes resistance on both sides and a significant effort is needed to break traditional 
relationships (Mont, 2002b; Tukker & Tischner, 2004). On the other hand, PSS are usually seen 
to be more suitable as an alternative to developing innovative new markets and not necessarily 
to changing current businesses (Maxwell & van der Vorst, 2003). However, the radical change 
desired for sustainable development requires transforming current models of production and 
consumption into more sustainable ones.  
Additionally, sustainability is a relatively new area and the penetration achieved especially in 
SMEs is limited. Van Hemel & Cramer (2002) highlight that lack of knowledge, awareness, and 
investments are barriers for SMEs to move towards sustainable practices and more responsible 
businesses. Moreover, Ciliberti, Pontrandolfo, & Scozzi (2008) include the lack of infrastructure, 
poor communication channels between stakeholders, low savings rates, and the lack of 
mentorship as additional problems in developing economies. Therefore, alternatives to support 
SMEs are needed because some of these barriers to developing sustainable operations in SMEs 
are also barriers to developing sustainable PSS. More efficient firms with higher innovation 
capacity, flexible operations, and better communications skills are part of the benefits of a 
sustainable PSS but are also part of the competences required to develop one. 
Furthermore, current methodologies to develop PSS are not necessarily suitable for SMEs or 
are not oriented to develop sustainable PSS. For example, MEPSS developed by Van Halen et 
al. (2005) presents a series of tools, steps, and phases far too complex for a SME. It demands 
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the participation of experts, and it is not necessarily focused on developing sustainable PSS 
even if it is mentioned. The SUSPRONET project (Tukker & Tischner, 2004) presents a series 
of tools, some of them very demanding for a SME and others requiring engagement in a 
development process with uncertain results, making them unsuitable for a SME. Other 
methods present tools without procedures and guidance on how to use them together, as is 
highlighted by Afshar & Wang (2011). Sustainable Product and Service Design (SPSD) (Maxwell & 
van der Vorst, 2003) is mainly advised for the development of new concepts over the 
transformation of current business models. Finally, the D4S program (UNEP, 2009) presents a 
broad approach where the development of opportunities could be vague and very demanding 
for a company without previous knowledge and experience in the area. The tools proposed in 
this approach make the companies question where the opportunities can be, but the 
guidelines presented lack the detail to develop those opportunities.    
Despite all these difficulties, sustainable PSS represent an important opportunity to achieve the 
decoupling of economies and to help organisations to move towards sustainable business 
models, including SMEs that are willing to commit to make the radical change needed. Focusing 
on the functions rather than the products is a promising approach. It gives freedom to design 
better and more integral solutions that consider less tangible offers and more intangible 
services to create value. In that sense, two areas have been recognized as having the potential 
to contribute to the design of sustainable products and services and therefore face some of 
the challenges associated with the design and development of sustainable PSS. On one side, 
design, particularly tools and methods associated with design for sustainability and the 
designers capacity to act as integrators of technology, business, science, inspirations, needs, 
human dreams and innovation (Creusen, 2011). On the other side, the rapid evolution of 
Information and Communications Technologies (ICT), particularly technology associated with 
the development of sustainable business. There are key areas of opportunity and benefits 
associated with the development of smart products, improved stakeholders communication, 
dematerialisation, increased social inclusiveness and consumer empowerment (Erdmann et al., 
2004; Langrock et al., 2002; Pamlin, 2002; Ryan, 2004). In both cases, there is evidence of 
relationships with PSS that individually suggests synergies and opportunities. However, the link 
between design, ICT, and sustainable PSS hasn’t been developed before. There is no structure 
or particular methodology to design sustainable PSS, aimed at SMEs, based on the integration 
between design and ICT.  
There is a gap in knowledge and therefore this research aims to explore that possible 
integration between design and ICT to contribute to the design of sustainable PSS, particularly 
oriented to support SMEs. This exploration includes the identification of the drivers, barriers, 
and conditions under which sustainable PSS can be a suitable and useful concept for SMEs to 
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move towards more competitive and sustainable business models. Collecting all the 
information gathered during the literature review and in order to guide the following stages in 
the research a second version of the reference model was developed (see Figure 2-12). This 
second version is a detailed and expanded version of the first one presented in Figure 2-1. The 
chronology of development of these reference models and their roles in the research are 
explained in more detail in chapter 3. 
 
 
Figure 2-12: Second version reference model 
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3 Research Methodology 
 
 
3.1 Research purpose 
In order to achieve the objectives proposed in Section 1.4 and to answer the research 
questions related to these objectives as it is presented in Table 1-1, this chapter defines the 
research methodology, the methods to collect and to analyse the data used in the research 
and the relationship between these methods and the objectives proposed.  
According to Robson (2002) there are four purposes that can guide qualitative research: 
exploratory, descriptive, explanatory and emancipatory. These purposes have a strong relation 
to the research problem established and with the nature of the research questions proposed. 
The purpose of the study materializes the main intent of the research according to the 
assumptions, world views and theoretical lens that the researcher has on the identified 
problem (Creswell, 2007). The purpose shows the nature of a real world enquiry where the 
focus is in solving problems, getting large effects, looking for action and work in the field where 
the problem is located (Robson, 2002). However, the result can differ from one study to 
another according to the interest pursued. Robson (2002) summarizes the interests involved in 
each of the four types of research purposes as elements to classify different kinds of qualitative 
studies. These elements are presented in Figure 3-1. 
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In terms of the topics involved in the research problem proposed in Chapter 1, studies on 
sustainable Product Services Systems (PSS) are in relatively early stages of development. 
Moreover there is no evidence of research on how to design sustainable PSS, based on the 
integration between design and information and communication technologies (ICT). 
 
 
Figure 3-1: Classification of the purposes of enquiry, (Robson, 2011) 
To explore the conditions, drivers and barriers of this integration, building an understanding of 
a potential transformation of companies toward more competitive and sustainable business 
models is needed. This productive transformation is part of the answer to the challenges 
presented, seeking a sustainable society where sustainable PSS can play an important role. In 
practice the research proposed deals in detail with Small and Medium Enterprises (SMEs) in 
the middle of an adoption process of ICT, who are also facing the pressures to behave in 
sustainable ways and deliver better and more competitive offers to the market. 
For these reasons the purpose of this research is exploratory. This purpose is 
supported by the novelty of the approach to the problem, the intent to build 
understanding in a little-understood situation and the need to generate alternative 
routes of research in this field. 
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3.2 Research strategy 
According to Robson (2011) research design requires congruence. This congruence means 
that not all purposes can be followed by all kinds of research questions and in the same way, 
not all methods can provide the answer to the research questions proposed (Robson, 2011). 
With the research problem, the purpose and the questions defined, the next level is to 
establish a strategy to follow during the research. This strategy will give the tradition (Robson, 
2011) or  approach (Creswell, 2007) used to deploy the research. 
Robson (2011) presents two possible research strategies: fixed or flexible. The fixed strategy is 
more associated with methods linked to quantitative data, and also where there is a high level 
of pre-specification on what the researcher is going to do and how it will be done. The flexible 
strategy is more commonly associated with methods that support the collection of qualitative 
data. The level of pre-specification is low, and the research design changes and evolves during 
the study. However, these characteristics are not recipes to design a research programme. 
According to Robson (2011) it is possible to find fixed designs that use qualitative data and 
flexible designs with both quantitative and qualitative methods. Besides the nature of the data 
that will be collected and the method used, Robson (2011) presents other characteristics that 
can be used to choose the most appropriate research strategy. These characteristics are 
presented in Figure 3-2. 
These elements are only guides to help the researcher to define the most suitable strategy. 
However there are exceptions and particular factors such as the level of control over the 
conditions where the study will be carried out or the possible participation of third parties that 
can modify the selection of the research strategy. In this sense Robson (2011) emphasizes, for 
example, that depending on if it is an evaluation or an action research, the strategy chosen can 
be fixed or flexible. In the case of an evaluation it depends if the focus is on the outcomes or 
in the process. And in the case of action research it depends on if initiating a change is part of 
the research agenda.  
Taking into account all these aspects that can affect the selection; the research 
problem and questions proposed, and the research’s purpose selected, a flexible 
strategy to carry out the research was chosen. 
The exploratory essence of the research, aiming to build understanding in a field that is in the 
early stages of development and considering the lack of previous studies made, the research 
was more suited to a flexible design. This selection implied having an initial design to carry out 
the research but it gave a level of freedom to make adjustments during the process. 
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Figure 3-2: Elements to define the research strategy, (Robson, 2011) 
3.3 Research approach 
In terms of traditions Robson (2011) presents three possible approaches to carrying out 
research with a flexible design: case studies, ethnographic studies and grounded theory studies. 
Each of these options has strengths, weaknesses and typical features that fit different kinds of 
research. In Figure 3-3 the main features and a brief description of each tradition are presented 
(Robson, 2011). 
 
 
Figure 3-3: Traditions to deploy flexible design research, (Robson, 2011) 
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In a similar way Creswell (2007) presents five approaches to carrying out qualitative research. 
The selection of the approach is made in terms the characteristics such as the focus of the 
study, the problem proposed, the unit of analysis and even the discipline of the research. The 
characteristics of each approach are presented in Figure 3-4. In addition to the three traditions 
presented by (Robson, 2011), narrative research and phenomenology are included. 
 
 
Figure 3-4: Five qualitative approaches to inquiry, (Creswell, 2007) 
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Taking into account the research questions presented in Chapter 1 and according to the 
criteria outlined by Robson (2011) and Creswell (2007) an exploratory case study was 
selected as an approach to carry out the research. 
An exploratory case study was proposed to study a group of SMEs to identify 
how design could be integrated within the use of ICT, and how that integration 
could contribute to design sustainable PSS as a strategy to develop a potential 
transformation towards more competitive and sustainable business models. 
3.3.1 Case study as approach to carry out the research 
According to Yin (2009) a case study strategy is related to contemporary phenomenon and 
the study is deployed in a real life context with multiple sources of evidence. The research 
proposed with the group of SMEs fulfils these conditions. It has clear boundaries and access to 
diverse sources of evidence, (Yin, 2009). However, there are additional criteria to fulfil in order 
to develop a case study research. These aspects are covered in the design of the case study 
and are presented in the next sections. 
3.3.1.1 Case study design 
Robson (2011) emphasizes that there are different kinds of case studies by the unit of analysis 
and by the purpose. He recognizes six types of case studies as the most common ones, but 
makes it clear that it is not an exhaustive list. These case studies are: individual case studies, set 
of individual case studies, community studies, social group studies, studies of organisations and 
institutions, and finally studies of events, roles and relationships. One of the first tasks in a case 
study design is to establish what type of case study will be carried out and with what purpose. 
In this sense, Yin (2009) presents five components needed to define and design a case study: 
− The study questions 
− The proposition(s) 
− The unit(s) of analysis 
− The logic linking the data to the propositions 
− The criteria for interpreting the findings 
The first three are directly related to the definition of the case study and the last two, less 
documented in the literature according to Yin (2009), are more associated with “what is to be 
done after the data have been collected”. In this sense Figure 3-5 presents the first three 
components of the exploratory case study developed during this research. As Yin (2009) 
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highlights, the propositions can be expressed as the purpose of the study according to the type 
of case study. 
 
 
Figure 3-5 Questions, purpose and unit of analysis 
These components are the basis for the design of the case study. However Robson (2011) 
mentions that the design of an exploratory case study, as is proposed, is commonly flexible in 
the idea that the design evolves during the research. It does not mean that the design is not 
important; to the contrary the design is a good way to follow the evolution and changes of the 
research. Additionally, a relationship should exist between the study's questions and the unit of 
analysis. According to Yin (2009) the study’s questions should favour the unit of analysis over 
other possible options. In this context the questions proposed were defined to be consistent 
with the unit of analysis selected. It was part of the design of the research to establish the 
contacts in order to have the opportunity to develop the case study with a group of 
manufacturing SMEs that were previously involved in an ICT adoption project. This feature of 
the SMEs considered was a fundamental requirement to develop the research, taking into 
account the purpose. 
3.3.1.2 Single or multiple cases 
Robson (2011) and Yin (2009) present the decision of choosing between a single case or a set 
of multiple cases as one of the most important decisions in the case study design. It has to do 
with the phenomenon that will be studied, with its purpose and with the unit of analysis. Yin 
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(2009) presents four possible designs: single case with single unit of analysis, single case with 
multiple units of analysis, multiple cases with a single unit of analysis and multiple cases with 
multiple units of analysis, Figure 3-6.  
According to the rationality exposed by (Yin, 2009) the research proposed was 
classified as a single case study with multiple units of analysis or single case 
embedded design. 
In this situation, the main context is given by the project of the adoption of ICT, the socio-
economic situation of the country where the SMEs are located, and by particularities of the 
industry where the SMEs belong. Each unit of analysis corresponds to each of the SMEs 
involved in the case study. Even if these companies belong to the same industry each one has 
their own characteristics, different levels of adoption of ICT, differences in the design process 
and different vision and business strategy. These were the reasons why this type of case study 
was selected. 
 
 
Figure 3-6: Single and Multiple Cases, (Yin, 2009) 
In order to develop this exploratory case study, the research was divided into three parts. All 
three parts are components of the exploratory case study. The first and second parts laid the 
foundations of the case study and the fieldwork to identify the conditions, barriers and 
opportunities to design sustainable PSS based on the integration between design and ICT in a 
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group of manufacturing SMEs. The third part, a generic business tool to design sustainable PSS, 
was developed and informed by the findings and reflections from the fieldwork with the SMEs 
in the first and the second parts. 
Part I – Scoping study 
After the literature review was done to build the groundwork for the research, a scoping study 
was designed to have a first approach to SMEs to explore the topics considered. For this study 
38 SMEs were contacted and using an online survey a first perception of the opportunities and 
potential benefits of designing sustainable PSS was established. After this scoping study an 
analysis of 36 PSS was undertaken to establish the possible relationships between design and 
ICT in the context of sustainable PSS. This analysis complemented the scoping study and both 
constitute the basis of the main study. 
Part 2 – Main study 
The main study was carried out with a second group of manufacturing SMEs, all of whom 
belonged to the same industry. The study was deployed through personal semi-structured 
interviews, observations and analysis of documents to identify the conditions, drivers and 
barriers associated with the idea of design sustainable PSS based on the integration between 
design and ICT. This fieldwork was then analysed and its findings discussed. 
Part 3 – Business framework 
Finally, the reflections from the fieldwork with the SMEs and all the preliminary results and 
analyses were the basis for developing a business framework. This business framework is 
intended to support intermediary actors such as consultancies, universities and research 
centres working with SMEs to design sustainable PSS. 
Different methods to collect and analyse the data were selected and used in each of the parts 
mentioned. As part of the methodological tools used during the research, a reference model 
was developed and used as a guideline to develop the main study. 
3.4 Reference model 
A reference model was developed as a methodological tool based first on the initial research 
problem, then enriched with the literature review, and refined with the results of the scoping 
study, and finally transformed with the findings and discussion of the main study into the basis 
of a business framework. The concept of a reference model is commonly used in the 
information system discipline and sometimes referred to a generic or universal model (Fettke 
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& Loos, 2007). In that domain, they are used as directives to develop more complex models 
following a basic logic and a set of relationships between the elements involved. In the first and 
second parts of this research, the reference model had the same purpose to act as a guide to 
develop the scoping and the main study. Later in the research, the reference model was used 
as a proposition to make the structure of a framework to design sustainable PSS based on the 
integration of design and ICT. 
3.4.1 Definition of a reference model 
A model is a representation of physical or abstract structures (Weisberg, 2007). In this large 
area of possible representations, different authors recognize different kinds of models. For 
example Giere (1999) distinguishes representational models, abstract models, hypothesis and 
theoretical models, while Harris (1999) mentions theoretical, experimental and data models.  
Along with the many uses of models recognized in the literature, the idea of understanding is 
commonly repeated in the definition of a model purpose. According to Johnson-Laird (1983), 
constructing models is one way to understand the world, representing relationships in time and 
space of events, entities and structures connecting them together. In another definition Lesh 
and Doerr (2003) explain models as systems of elements, relationships, operations and rules 
that define the possible interactions between these components and that together they 
represent a real-world system. For Godfrey-Smith (2006), “In understanding a real world system, 
the modeller’s first move is the specification and investigation of a hypothetical system or structure. 
The second is consideration of resemblance relations between this hypothetical system and the real 
world target system that we are trying to understand.” 
However, Weisberg (2007) remarks that resemblance relations between the model and the 
“target system” should not in any way be explained only as similarity. According to Weisberg 
(2007), thinking only in models as representations of the real-world by similarity is 
reductionism while there are other possible relationships between the model and the real-
world system such as reference and truth. These possible relationships between the model and 
the real-world system are characterised by the purpose of the model and how it is 
constructed.  
In this sense Weisberg (2007) highlights the strategy of the modeller as gaining understanding 
of the complexity of the real-world by understanding simpler and hypothetical systems that are 
related to the real-world systems it represents. The idea of including hypothetical elements, 
relationships and structures in the models connects with the two possible model’s roles 
presented by Wei (2007). According to Wei (2007), a model could serve an analytical or an 
explanatory role. The first results from the analysis of features of a real-world system and are 
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then translated into one representation; the second is built using a hypothesis about the 
elements and the possible relationships between them. The last explanatory type of model 
brings the idea of imagination, the capacity of the modellers to go beyond the observable 
(Wei, 2007). In this sense, Weisberg (2007) in his definition states, “models are abstract 
structures or physical structures that can potentially represent real-world phenomena”. In this 
definition, the idea of “potential representation” leaves open an option to develop a model with 
the intention to represent a real-world system that has not yet been observed. In this sense 
the model is a proposition itself about how the potential elements in the real-world system 
can behave and relate to each other. It was with this last definition of a model that the idea 
was considered to develop a model to direct the research based on elements and 
relationships identified previously in the literature, and also as a proposition about how the 
components could be integrated to achieve one objective, in this case, the design of 
sustainable PSS in SMEs.  
3.4.2 Development of the reference model 
Four versions of the reference model were developed during the research. The process was a 
cycle between building the model and using the model to lead the research. The first version 
of the reference model was developed based on the initial research problem. Four main areas 
were identified as relevant for the research: sustainable business development, information and 
communication technologies, design process and sustainable Product Service Systems. The 
model was restricted to these areas in order to have a structure to carry out the literature 
review. During the literature review the model was a guide to broadly explore these four areas 
and following the literature review the model evolved to a more detailed version. This 
enriched model contributed to the design of the survey for the scoping study. 
During this approach to the field, other important elements to explore in order to design 
sustainable PSS emerged. These elements were included along with the results of the analysis 
of 36 examples of PSS carried out before the main study. This improved version of the 
reference model was the third version used in part to design the interview guide for the main 
study and to lead the interviews.  
The third version of the reference model was modified again using the findings and discussion 
from the main study. This last modification transformed the reference model into a proposition 
that was the basis of the business framework developed in the last part of the research.  Figure 
3-7 presents the evolution of the reference model in relation to different moments in the 
research and also linked to different chapters in this document. 
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Figure 3-7: Evolution of the development of the reference model 
Finally, because the reference model was developed at different stage of the research, it is also 
presented in this document in different chapters. The first version of the model is presented 
and explained at the end of the introduction, the second version at the end of the literature 
review, the third version after the analysis of the 36 PSS examples in Chapter 5, and the final 
version as part of the discussion of the main study in Chapter 6. Being a methodological tool 
the reference model is also mentioned in the explanations of the methods used to collect and 
analyse data during the research. 
3.5 Data collection methods 
According to Robson (2011) in real-world research the options for defining a method to 
collect data for research are framed by the same options that a detective has available to 
develop an enquiry. Basically it is reduced to observation, interviewing and document analysis, 
looking for other evidence. Observation is closely related to ethnographic studies, while 
interviewing is related to grounded theory or case studies. Document analysis can be 
transversal and mixed with the previous methods in any approach or research tradition.  
In terms of how to select the method, Robson (2011) calls for rational choice when looking 
back at your research questions and the problem posed and trying to select the method that 
best fits those problems and questions. He presents a basic guide that can help to make the 
choice: 
− To find out what people do in public, use direct observation. 
− To find out what they do in private, use interviews or questionnaires. 
− To find out what they think, feel and/or believe, use interviews, questionnaires 
or attitude scales. 
− To determine their abilities, or measure their intelligence or personality, use a 
standardized test. 
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Taking into account these considerations, the questions proposed and the aim of the research, 
it was decided to use a survey to carry out the scoping study and document analysis to study 
the 36 examples of PSS in part one, interviews and documental analysis to develop the main 
study in part two, and finally a questionnaire to collect the feedback from the validation of the 
business framework in part three. 
3.5.1 Data collection methods in part one 
Surveys are one of the most common methods used in research, particularly in social research 
(Robson, 2011).  A survey can be used in exploratory, descriptive or explanatory research; 
however Robson (2011) argues that surveys are not the method that best fits in exploratory 
research and could take a lot of time and become inefficient for this purpose. However, Yin 
(2009) believes a survey can be used to develop different types of “what” research questions, 
some of them with exploratory purposes in an efficient way. These types of questions are 
questions sued to explore and develop propositions for further research (Yin, 2009).  
In this research, the survey was used with that exploratory purpose as a scoping method first 
to evaluate the general opinion of five topics identified as relevant for the research and second 
to contribute to develop the reference model used to direct the main study. The survey was 
used also because of the lack of any evidence of previous research in the area. The novelty of 
the topic and the logistics of this scoping study were also factors that were taken into account 
when selecting a survey as the data collection method for this part of the research. The survey 
used was designed with standardized questions but still offered the opportunity to collect 
explanations in almost every question to complement the closed answers and get enough 
detail to design the main study.  
According to Robson (2011) almost every survey involves the use of questionnaires and the 
most common types are: 
− Self-completion, usually sent by post or by Internet (including email) to large 
samples. 
− Face-to-face interviews, where an interviewer asks the questions and fills in the 
questionnaire in presence of the interviewee. 
− Telephone interviews, where the questions are asked by telephone by the 
interviewer, and the responses are recorded and the questionnaire filled by the 
interviewer. 
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Every method to administer the survey has pros and cons related to cost, distribution, 
potential length, complexity of the questions, possibility to use visual aids, bias and response 
rates between others.  
Considering those criteria an Internet survey was selected as the type of survey 
to carry out the scoping study. Basically the population objective defined was a 
group of Colombian SMEs, previously involved in an ICT adoption project with 
the Colombian Ministry of ICT. The distance made it difficult to consider a face-
to-face interview especially when the objective of the survey was to collect a 
general perspective more than specific details.  
One major issue with these kinds of self-completion surveys is a low response rate and 
possible response bias due to the lack of control of the situation. The low response rate was 
an issue to consider carefully and it is discussed in Chapter 4. In terms of the response bias, it 
was reduced by the cooperation with the Ministry and the origin of the sample. 
3.5.1.1 Internet surveys 
Robson (2011) recognizes email surveys and web-based surveys as ways to carry out an 
Internet survey. In this research, a mixed method was used, developing the survey in a web-
based platform but reaching the SMEs and making the follow-up by email. As mentioned by 
Robson (2011) a web-based survey allows creative information and aids to be used during the 
survey and gives better control of response order and straight results.  
One of the main issues presented by Robson (2011) with internet surveys is internet access 
and the possible bias related to the fair access to the survey. In this research this potential 
source of bias was initially non-existent because the SMEs considered in the population were 
previously involved in an ICT adoption programme, which gave them access to the Internet. 
However the response rate showed other difficulties, mainly related to continuity of using 
technologies and the out of date information registered on the database used to reach the 
SMEs. These difficulties are discussed further in Chapter 4.  
The Bristol Online Survey System was the platform used to prepare, distribute and collect the 
answers to the survey. The main advantage of using this system was the ability to develop and 
test the survey in multiple iterations before the survey was officially launched. Also, the system 
was of great help in controlling the response order, and help with the completion of the 
surveys meaning the results were in an organised presentation for the analysis.  
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3.5.1.2 Developing the survey 
According to Robson (2011) the design of questions for a survey goes beyond covering the 
topics of interest. The survey has to be aligned to the research questions and work to 
contribute to answer those questions. A good survey should be evaluated, according to 
Robson (2011), by its capacity to: 
− Provide a valid measure of the research questions. 
− Get the cooperation of respondents. 
− Elicit accurate information. 
Taking these considerations into account the survey for the scoping study was designed 
particularly to address the first and second questions proposed for the research. The objective 
of the survey was to establish from the SMEs an initial perception of the areas involved in the 
design of sustainable PSS under the approach proposed. To define each question and develop 
the layout of the survey recommendations, such as keeping the language simple, keeping 
questions short, avoiding misleading questions, avoiding negative questions, trying to ensure 
that the questions meant the same thing to all respondents, and avoiding prior alternatives 
between others, were taken into account (Robson, 2011). 
The first version of the survey was developed with 37 questions covering five main areas: ICT, 
Design, Management, Sustainability and PSS. The survey was piloted first with a small group of 
SMEs and then used during the scoping study. The final version of the survey for the scoping 
study was designed based on the one used during the pilot and taking into account the 
comments from the SMEs involved in that pilot. The final version of the survey was reduced to 
16 questions covering the same five areas as the pilot. In general, the main change in the 
survey was simplification. Questions specific to environmental impacts associated with the 
activities of the SMEs were eliminated. According to the results of the pilot, these questions 
were confusing and the results did not have enough detail to enable conclusions to be drawn. 
Another change was to reduce the number of questions on organisational change leaving only 
two questions, one related to areas where they had received external support, and the other 
asking for the method that they preferred to receive that external support. 
Additionally, split points in the survey were eliminated. In the pilot, three points where 
respondents were divided according to their answers were misleading and were the reason for 
not finishing the survey according to three of the SMEs involved. These questions were 
reworded to eliminate the necessity of these divisions. More details of the survey used for the 
scoping study are presented in Chapter 4. 
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Finally, for the second half of part one, document analysis was used to collect the required data 
to carry out the study of 36 examples of PSS already on the market. The information collected 
and later analysed came from the websites of companies who offered the PSS and in some 
cases were complemented with academic references.  
3.5.2 Data collection methods in part two 
Interviews are widely used in qualitative research (Robson, 2011). Interviews can be used as a 
unique method to collect the data for the study or they can be complemented with other 
methods. It is possible to differentiate interviews by the level of structure. According to 
Robson (2011) there are fully structured, semi-structured and unstructured interviews.  
The main characteristics of these types of interviews according to Robson (2011) are: 
− A fully structured interview has predefined questions and order. It is very similar 
to a survey with the option of having more open-ended questions. 
− A semi-structured interview is, in general, an interview guide to direct the 
interviewer with a checklist of topics with some predefined questions but 
leaving freedom in the order to approach the interviewed. 
− An un-structured interview is much more informal. There are usually areas of 
interest but the conversation flows freely. 
Qualitative research with flexible designs are usually related to semi or unstructured interviews. 
Due to the flexible research design and taking into account the findings from the 
scoping study, it was decided to carry out semi-structured interviews with SMEs. 
 
3.5.2.1 Interview guide 
According to Robson (2011), a semi-structured interview moves between a set of predefined 
questions with some order and some prompts to direct the interview, and just headings and 
prompts with some order to ensure all the areas of interest are covered. Therefore the guide 
developed to carry out the interviews with the SMEs included: 
− An introduction to the interview. 
− Main areas of interest. 
− A set of questions for each area. 
− Additional prompts associated with each question to feed the conversation. 
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The basis for developing this interview guide was the survey used during the scoping study and 
some insights from the reference model. The final guide for conducting the interviews is 
explained in Chapter 6. 
3.5.3 Data collection methods in part three 
As part of the validation of the business framework to design sustainable PSS developed in the 
third part of the research, a small questionnaire was used. This questionnaire of six questions 
was sent to selected experts, mainly academics, as a method to collect their impressions and 
feedback on the framework. The main purpose of this questionnaire was to assess the 
suitability of the framework to be used with SMEs and to evaluate the conceptual background 
basis of the procedure developed in this framework. The questions included in this 
questionnaire were open and were designed also following the recommendations presented 
by Robson (2011). This questionnaire is presented in Chapter 7. 
3.5.4 Sampling 
Samples are an important concept in social research, to define if a whole population will be 
included or if a sample of this population will be taken as part of the research design. 
According to Robson (2011) the decision to consider a whole population or a sample is 
strongly linked to the characteristics of that population such as size, location and availability of 
its members, and is also linked to the research resources such as time, money and mobility. 
Accordingly, the decision is based on finding a balance between what is best for the research 
with the resources available.  
In many cases samples of population are used rather than surveying the whole population. 
Robson (2011) presents two possible types of sampling: probability sample and non-probability 
sample.  Probability samples are the ones where it is possible to calculate the probability that 
each member of the population has to be included in the sample, and non-probability where 
this is not possible and where there is not an interest in doing this calculation. 
In this research, a non-probability sample was selected. 
Between non-probabilistic samples there are different kinds of sampling: quota, dimensional, 
convenience, purposive, and snowball between others (Robson, 2011). In this research, and in 
line with the flexible design approach of the research, it was decided to do a purposive 
sampling for both the first and the second part of the research. This kind of sampling follows a 
simple logic; the sample is selected to fulfil a purpose related to particular conditions to carry 
out the research. One implication of this selection is that any possible generalization has to be 
 92 
done carefully and consistently with those conditions and not on a statistical basis. In this 
research, the purpose of the sampling was to work with SMEs with previous knowledge on use 
of ICT.  This decision was based on the necessity to clarify and give more attention to the 
actions, programs and frameworks around the idea to achieve sustainable business models in 
SMEs considering the importance of these companies collectively.  And secondly the decision 
was based on an identified opportunity to work with a special group of SMEs previously 
involved in a Colombian governmental program of adoption and implementation of ICT. To 
select this purposive sample, cooperation with the Colombian Ministry of ICT was established. 
Characteristics of this cooperation agreement are presented in the next section. 
3.5.4.1 Cooperation with Colombian Ministry of ICT 
The program MiPYME digital is an initiative developed to improve the conditions of SMEs, 
specifically to the problems related to adopting and using ICT. This program is part of the 
Colombian National ICT Plan in its axis of business competitiveness. The program is oriented 
to support the adoption of ICT in SMEs working together with ICT suppliers. 
A cooperation scheme with the Ministry was established under the MiPYME digital program. 
This cooperation scheme with the Colombian Government was possible to a great extent due 
to the economic, social and political situation that Colombia is now. According to the 
Economist Intelligence Unit (2010), Colombia is one of the CIVETS countries. CIVETS is an 
acronym referring to a group of emerging markets formed by Colombia, Indonesia, Vietnam, 
Egypt, Turkey and South Africa. This classification means that during the next few years a great 
transformation in the Colombian economy is expected, attracting foreign investment and 
developing the conditions to become a developed economy, mainly supported by a stable 
political situation, a young population and a dynamic economy. In order to steer that 
productive transformation towards sustainability, policies have been developed recently. 
Within these policies are, for example, Law 216/2003 that “assigns the Ministry of the 
Environment, Housing and Territorial Development the function to adopt sustainable criteria in the 
management of the productive and institutional sectors, incorporating environmental management 
systems, technological reconversion and change of consumption habits between others to improve 
environment quality, make a rational use of the natural resources, protect the environment and 
improve the quality of life of the Colombian Society” and “CONPES 3484: The National Policy for 
the productive transformation and promotion of Micro, Small and Medium enterprises, an public-
private effort” (CONPES3484, 2007; UPME, 2010).  
It is therefore in the Colombian government’s interest to establish mechanisms of cooperation 
to achieve that productive transformation following sustainable principles. One of the 
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objectives of the cooperation with the Colombian Ministry of ICT was to identify new paths to 
reorient support programs in the future. 
In practical terms, the cooperation scheme was mainly related to having access to SMEs 
involved in the first version of the MiPYME digital program, developed in 2008. Additionally, 
the Ministry helped establish contact with some of the suppliers that were part of that version 
of the program with the objective to facilitate the introduction to the SMEs. 
3.5.4.2 Sampling made in part one 
To pilot the survey for the scoping study the Colombian Ministry of ICT selected eight SMEs 
from the 2008 version of the MiPYME digital program and two more SMEs from outside the 
program. The eight SMEs selected by the Ministry were chosen because of their willingness to 
participate in these kinds of studies and from the beginning they knew their role was to be part 
of a pilot to evaluate a survey as a method to collect data. The other two companies were 
considered control points. 
For the scoping study, working with the Colombian Ministry of ICT made it possible to have 
access to the complete database of the 2008 version of the MiPYME digital program. In this 
case there was not a selection of SMEs, instead the survey was distributed to all the companies 
in the database, as explained in Chapter 4. The main difficulty experienced with this sampling 
was the accuracy of the information in the database and the lack of continuity by the SMEs in 
using ICT. These difficulties are also explained in Chapter 4. 
3.5.4.3 Sampling made in part two 
After the positive experience during the scoping study, working in cooperation with the 
Colombian Ministry of ICT, the selection of SMEs to carry out the main study was done again 
under that scheme of cooperation. Two criteria were used to make this sampling: all the SMEs 
should be part of the same version of MiPYME digital program and they should belong to the 
same manufacturing industry. With these criteria the Ministry selected two subprojects from 
the program done in the period 2008-2009. The first subproject developed by Avantel 
Colombia in Bucaramanga (a medium city in the north of the country) with a group of 20 
SMEs of the leather manufacturing industry, and a second subproject developed by Internet & 
Contenidos in Bogota (the capital city) with another 25 SMEs from the leather manufacturing 
industry. 
The directors of both subprojects were approached and a total of 16 SMEs were contacted to 
carry out the main study. Details of the SMEs involved in the study are presented in Chapter 6.  
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3.6 Data analysis methods 
Different methods to analyse the data collected were used in the three parts of the research. 
The analysis and interpretation of the information collected was done in relation to the 
questions and purpose proposed in the design of the case study. Following the 
recommendations given by Robson (2011) the analysis and interpretation was started at an 
early stage of the research, mainly using a qualitative approach. In the next sections the data 
analysis methods used in each part of the research are described in detail. 
3.6.1 Data analysis methods in part one 
In order to start the analysis of the information collected during the scoping study, the first task 
was to create the data set. This step refers to the organisation of the information collected in 
an appropriate format to be analysed. It usually means registering the information in a file 
suitable to be used with a computer program in order to carry out quantitative or qualitative 
analyses (Robson, 2011). Thanks to the use of the Bristol Online Survey service this step was 
partly done by the system automatically. After the survey was designed and uploaded to the 
Bristol Online Survey platform the responses were automatically saved in the system during 
the time that the survey was available. At the end of this period, the responses to 38 
successfully completed surveys were downloaded into an excel sheet. In this excel sheet, all 
the responses were organised by responder including the answer to the questions and also 
additional comments given by the responders making the identification of key information to 
be analysed much easier. 
The analysis of the survey was mainly done by organising the responses into graphical displays 
to explore different themes of interest based on the five areas included in the survey. The 16 
questions in the survey were clustered, establishing preliminary relationships between the 
topics. For example, questions about perception of PSS were analysed in relation to the 
possible contribution of ICT to develop PSS and questions about business strategy were 
related to questions about sustainable operations. During this analysis, particular attention was 
given to SMEs who declared that they had a design process. Details of the analysis and 
interpretation of the survey during the scoping study are presented in Chapter 4. 
In the second half of the part one the method used to analyse the information collected from 
the 36 examples of PSS selected was mainly an identification of characteristics to classify the 
PSS. This identification was carried out using a pre-defined set of criteria to classify the PSS. All 
the information from the PSS was organised in an excel sheet and then filtered by the criteria 
established. As a result of this process of analysis, four relationships between design and ICT in 
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the context of sustainable PSS were built. Complete details of this process are presented in 
Chapter 5. 
3.6.2 Data analysis methods in part two 
Following the purpose, strategy and approach selected, qualitative analysis of the information 
collected during the main study was carried out.  According to Robson (2011) there are three 
types of qualitative analysis: quasi-statistical, thematic coding and grounded theory analysis. In 
the first case, the idea is to convert qualitative data into a quantitative format that allows the 
researcher to work with word frequencies and correlations between terms. This approach is 
also called content analysis. The second approach is thematic coding analysis and it refers to 
the process of coding the data, splitting it into different groups of codes to form themes and 
then analysing and interpreting the themes according to the research interest. Finally, grounded 
theory approach is sometimes considered as part of thematic analysis, but with the condition 
that the codes emerge during the interaction of the researcher with the data and there are no 
preconceptions before the analysis. In this approach, the interpretation of the researcher plays 
a very important role, (Robson, 2011). 
In this research the approach selected to analyse the data of the main study was 
thematic coding analysis.  
3.6.2.1 Thematic coding analysis 
Coding is a dynamic process and a core activity in qualitative data analysis. It is according to 
Gibbs (2007) the selection of the text that will be analysed and also the lens that will be used 
to analyse it. Codes are more than descriptive pieces of text, they should go beyond that to 
become analytic and theoretical representations of the analysis (Gibbs, 2007; Robson, 2011).  
Before the coding process begins the data is prepared in the form of transcriptions of 
interviews, notes or observations. In some cases there are some predefined codes to initiate 
the coding and then that initial set will be enriched through the interaction with the data and 
complemented with new codes (Gibbs, 2007).  
During the coding process it is advisable to give a definition of each code and write memos of 
the analysis to explain the logic followed for the codification. These memos can help as a 
source of validity but are especially valuable as a source of insights for the analysis of the data 
(Gibbs, 2007; Robson, 2011). After the narratives are coded, the idea is to group different 
codes into themes that are connected to the research questions. This final process implies 
establishing connections between codes and also between themes in congruence with the aim 
of the research. 
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Robson (2011) presents the thematic coding analysis in five phases: 
− Familiarizing yourself with your data: Transcribing data (if necessary), reading and 
re-reading the data, noting down initial ideas. 
− Generating initial codes: This may be done by first devising a framework or 
template or inductively by interaction with the data. Extracts from the data are 
given codes in a systematic fashion across the entire data set, with similar 
extracts being given the same code. 
− Identifying themes: Collating codes into potential themes, gathering all data 
relevant to each potential theme. Checking if the themes work in relation to the 
coded extracts and the entire data set. Revising the initial codes and/or themes 
if necessary. 
− Constructing thematic networks: Developing a thematic ‘map’ of the analysis. 
− Integration and interpretation: Making comparisons between different aspects of 
the data using display techniques such as tables and networks. Exploring, 
describing, summarizing and interpreting the patterns. Demonstrating the quality 
of the analysis. 
Because thematic analysis is an approach between content analysis and grounded theory 
analysis it is possible to have predefined codes to perform the analysis. This type of analysis, 
where there is a predefined structure of codes, is sometimes called template analysis. 
In this case thematic coding analysis was considered the approach to analyse the 
interviews and template analysis was the procedure inside this approach to carry 
out the work. 
3.6.2.2 Template analysis 
According to King (1998) the reasons for selecting template analysis as a method to analyse 
qualitative data are directly related to the position of thematic coding analysis between content 
and grounded theory approaches. In this case, template analysis was selected taking into 
account previous insights from the scoping study that defined a preliminary structure of 
concepts to explore in the main study and due to the interest to approach the data in its 
narrative essence and not to assign values or develop the analysis in terms of frequencies and 
correlations. 
In this sense, and considering also the leading role of the reference model, a 
template of codes was developed to carry out the thematic coding process. 
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With this type of template the concept of hierarchy acquires importance. According to King 
(1998) it is natural in this approach to consider structures with main levels and inside them 
sublevels of similar codes. This worked very well with the approach of having a reference 
model to direct the research.  
3.6.2.3 Preparing the data 
The process to prepare the data was done before the coding process. It involved verbatim 
transcription of each of the interviews with the 16 Colombian Manufacturing SMEs. Each audio 
recording was transcribed into a word processor, identifying questions and answers. Each 
transcription was then imported into software especially designed to carry out qualitative 
analysis using codes. The program selected was NVivo 9.0. It is important to note that because 
the interviews were carried out in Spanish, the transcriptions were also in Spanish, but the 
coding process, the development of themes and the posterior analysis was done in English, 
translating important pieces of text from the original interviews. 
3.6.2.4 Development of the template of codes 
Developing the template is a crucial task in this kind of approach. It is an iterative process 
where balance between the level of detail and the capacity to manage the complexity is 
required. The objective of the template is to help to break the text into pieces. These pieces 
should not be too small that they take out the whole context or too large representing just 
one topic when in reality they contain more than one. 
King (1998) recommends using the interview guide as a starting point to develop this template. 
In this research the first version of the template was developed using the interview guide but 
also the reference model built to direct the research. An extract of the codes related to 
“Adoption and use of ICT” from this first version of the template is shown in Figure 3-8.  
 
 
Figure 3-8: Extract of the template of codes first version 
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In this extract it is possible to see that the first version of the template was mainly areas of 
interest with one level of depth. In order to review this template and to get familiar with the 
data, a first round of coding was done with the 16 transcriptions. With this review, a second 
version of the template was produced. An extract of the same level of this second version of 
the template is presented in Figure 3-9. 
 
 
Figure 3-9: Extract of the template of codes second version 
The coding process began with this second version of the template. Some modifications were 
made to the template during the codification of the first four transcriptions, producing a third 
and final version of the template. A major change between the second and the final version of 
the template was to change the names of the codes from abbreviations to more descriptive 
names. This was needed in order to locate any piece of coded text easily without the 
template. 
An extract of the same second level of the template from the final version of the template is 
presented in Figure 3-10. The complete first, second and the third versions of the template of 
codes are shown in Appendix A. 
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Figure 3-10: Extract of the template of codes final version 
3.6.2.5 Coding process 
The coding process was done in NVivo 9.0 using the final version of the template. During this 
process, each transcription was codified breaking the text into small pieces attached to one of 
the codes from the template. An example of a piece of text codified in NVivo is shown in 
Figure 3-11.  
 
Figure 3-11: Coding extract 
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During the codification, observations were noted down as memos in the coding process. After 
the coding process broke the transcriptions down into small pieces of text with an associated 
meaning, a book of codes was built putting together all the codified text. This book of codes 
was used to analyse the information with a different lens, not by transcription but by codes. 
This book of codes was then used to develop clusters and themes.   
3.6.2.6 Development of themes 
The development of the themes is the process of linking similar codes together into clusters. 
These clusters become themes that are aligned to the research questions. Finally, these themes 
are interpreted to build the discussion and conclusions of the analysis (Gibbs, 2007; Robson, 
2011). Each theme has embedded subthemes, codes and quotes from the transcriptions that 
together contribute to explain behaviours, facts and, in general, the findings from the 
interviews. A more detailed explanation of the coding process and the development of themes 
in the context of the interviews done with the group of Colombian SMEs is presented in 
Chapter 6.  
3.6.3 Data analysis methods used in part three 
During the third part of the research, feedback information was collected from a group of 
experts, mainly academics working with SMEs, PSS, Innovation, Sustainability and ICT. The 
analysis of this information was basically used to identify possible areas of improvement of the 
framework. The answers to the questionnaire used to get the feedback were open answers on 
the suitability of the framework to be used with SMEs, the clarity of the procedure, and the 
relationship between the stages and results of the framework with the objectives pursuit.    
3.7 Trustworthiness of the research 
Different instruments and methods were considered during the research to assure validity, 
reliability and generalizability. In the next three sections these instruments and methods are 
described. 
Additionally recommendations from the ethics committee of the University were followed to 
ensure a fair and transparent procedure during the collections of data and the protection of 
the information from the people involved. These recommendations included first completing 
the ethical clearance checklist to inform the University Ethical Advisory Committee of the 
details and scope of the research, second to present to the participants in the research a 
general description of the purpose, objectives and guidelines of the project including contact 
information of the researchers and the University, and third to ask the participants to consent 
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to be involved in the research once they were introduced to the project. The ethical clearance 
checklist and the forms used to present the research to the participants and to ask for their 
consent to participate are presented in Appendix B. 
3.7.1 Validity 
In terms of validity, a piece of research should be accurate and credible (Robson, 2011). 
However, it cannot rely on the fact that some people thought that the research is credible 
because that credibility is directly connected with the people’s prejudices. Instead validity can 
be explained through the possible threats and how the researcher assumes different strategies 
to decrease them (Robson, 2011). 
According to Robson (2011) there are three main threats to the research validity: in terms of 
description, in terms of interpretation and in terms of theory. The first refers to inaccuracy and 
incompleteness of the data collected. Here audio, videos and notes as memories of the 
research can help to assure the quality and accuracy of the data collected. In terms of 
interpretation, the main threat mentioned by Robson (2011) is imposing a framework, trying 
to fit the results to a particular meaning, ignoring what is happening during the research. One 
option to deal with this situation is to constantly review the framework and meanings 
established at the start or even the meanings built during the research and be able to make the 
necessary modifications to not force the results. Finally, in terms of theory (Robson, 2011) says 
“the main threat is in not considering alternative explanations or understandings of the phenomena 
you are studying”, taking into account other approaches, literature and the worst possible case 
of the situation, as a negative case analysis can help to avoid this threat. 
In other classifications of threats to research validity Lincoln and Guba (1985) present three 
categories: reactivity, respondent bias and researcher bias. The first relates to the changes in 
the study that can be caused by the presence of the researcher. The second refers to possible 
aptitudes taken by the respondents against the researcher and the study moved by rejection 
or empathy affecting the accuracy and worthiness of the results. Finally, research bias is related 
to assumptions and prejudices from the researcher that can affect the research. For each one 
of these threats Lincoln and Guba (1985) propose a strategy that can help the researcher. 
Both classifications have features in common. For this research proposed as a single 
exploratory case study with multiple units of analysis, all the recommendations were taken into 
account, particularly different sources to collect data to avoid the threats of validity. Having 
different sources of data as a triangulation method reduces reactivity, respondent bias and 
researcher bias according to Lincoln and Guba (1985). Also included in the research were the 
surveys to SMEs, interviews with experts in academia and public sector, interviews with a 
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second group of SMEs, document analysis and a continuous review of the literature in the field. 
Additionally, it was decided to establish feedback channels with different actors involved in the 
research after the survey in the scoping study and the interviews in the main study as another 
strategy to deal with these threats of validity.  
3.7.2 Reliability  
In fixed studies the reliability of the research relies on standardized instruments that can 
produce consistent results (Robson, 2011). Despite that, in flexible designs standardization it is 
often not possible or appropriate. There are reliability problems associated with transcriptions, 
equipment failure during the collection of data or interruptions during the process (Robson, 
2011). To avoid lack of reliability Robson (2011) suggests using research diaries, copies of 
audio and video recordings, and in general any means that can show the honesty and care with 
which the research has been done. 
Throughout this research diaries were kept. In these diaries, it is possible to see the evolution 
of the ideas and the changes. The answers of the survey during the scoping study and the 
audio recordings of the interviews were saved carefully to assure availability of this information 
if it is needed after the research. Additionally, different versions of the analysis done during the 
research were saved in word processing files acting as memory for the research and the 
evolution of the research design. Moreover, two compilations of the advances of the research 
were done as first and second year reports. These reports are part of the instruments that 
shows the transparency of the process in arriving at the results and conclusions presented. 
3.7.3 Generalizability 
Despite the fact that some authors do not think generalizability is an issue in qualitative studies, 
Silverman (2000) believes it is and can be achieved through methods that do not rely purely 
on statistical logic. The importance behind generalizability according to Mason (2002) is that 
“qualitative research should produce explanations or arguments which are generalizable in some 
way, or have some demonstrable wider resonance...Similarly, I do not think that presenting data but 
leaving questions about its generality or wider applicability for the audience to decide is a very 
honest or satisfactory strategy”. In these terms, the results of the research may be useful beyond 
the conditions under which the research was done with precautions to do not force its 
interpretation. So, detailed descriptions of the conditions under which the case study was 
developed are given in this document. These descriptions, and the final report of the case 
study, inform readers of how the results were obtained and allow them to translate the 
 103 
findings to other situations. Peer review publications associated with this research can 
contribute to the generalizability. 
In this sense and despite the Colombian context the results, findings and outcomes of this 
research are described in general terms. The final purpose of the research is to generate a 
discussion around the idea of designing sustainable PSS involving SMEs that can be applicable in 
different context and beyond the Colombian case. For that reason the final business 
framework proposed is described as a business tool without any link to the Colombian SMEs 
that were part of the scoping and main study. 
3.7.4 Relationship between research objectives, questions and methods used to 
collect and analyse data 
In order to achieve the research objectives proposed in Section 1.4 a set of different studies 
and methods associated to the collection and analysis of the necessary data was described in 
this chapter. These relationships between objectives, questions and research methods are 
presented in Table 3-1. 
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Objectives Questions Research Methods 
 1. To critically review literature 
and other secondary sources 
covering the role of ICT and 
design in the development of 
sustainable businesses and 
the main characteristics and 
evolution of the Product 
Service Systems field. 
1. What is the perception of traditional 
manufacturing SMEs to transform 
themselves towards sustainable PSS? 
 2. How can design and ICT be 
integrated in order to contribute to the 
design of sustainable PSS? 
3. What are the areas of opportunity 
where the integration between design 
and ICT can contribute to design 
sustainable PSS? 
? Document Analysis 
2. To clarify the SMEs 
perception of moving toward 
sustainable business models, 
particularly using the concept 
of sustainable PSS as a means 
of transformation. 
 1. What is the perception of traditional 
manufacturing SMEs to transform 
themselves towards sustainable PSS? 
 
 
 
? Exploratory self-
completion internet 
survey as part of a 
scoping study 
? Semi-structured 
interviews as part of a 
single case study with 
multiple units of analysis 
? Observation 
3. To identify possible routes 
of integration between design 
and ICT that could 
characterize a sustainable PSS 
and contribute to its design. 
 2. How can design and ICT be 
integrated in order to contribute to the 
design of sustainable PSS? 
? Document analysis 
? Semi-structured 
interviews as part of a 
single case study with 
multiple units of analysis 
4. To define a procedure that 
could orient the design of 
sustainable PSS based on the 
integration between design 
and ICT. 
 
 
 2. How can design and ICT be 
integrated in order to contribute to the 
design of sustainable PSS? 
 3. What are the areas of opportunity 
where the integration between design 
and ICT can contribute to design 
sustainable PSS? 
? Document analysis 
? Semi-structured 
interviews as part of a 
single case study with 
multiple units of analysis 
? Observation 
Table 3-1: Relationship between objectives, questions and research methods 
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4 Scoping Study 
 
 
4.1 Introduction 
A scoping study was carried out in order to gain an understanding of the perceptions of a 
group of Colombian SMEs to engage in a transformation process towards more sustainable 
and competitive business models. This perception was specifically related to developing 
sustainable PSS and it was evaluated in terms of their awareness of sustainability, their 
experience of adopting and using ICT and their current design practices. To carry out this 
scoping study a survey was used as the data collection method. This survey was piloted first 
with 10 Colombian SMEs and then distributed to a larger group under the cooperation 
agreement with the Colombian Ministry of ICT, as explained in Chapter 3. This scoping study 
was developed to partially achieve the second objective proposed in Section 1.4 and to 
answer the research question linked to this objective, (see Table 4-1). 
In this chapter, an introduction to the SMEs considered for the scoping study is presented, 
followed by an explanation of the MiPYME Digital program, introduced in Chapter 3, as the 
shared context of the SMEs involved in the study. Then the piloting of the survey is outlined, 
and finally the results and analysis of the survey with the large group of Colombian SMEs is 
presented.  
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Objectives Questions 
2. To clarify the SMEs perception of moving toward 
sustainable business models, particularly using the 
concept of sustainable PSS as a means of 
transformation. 
 1. What is the perception of traditional 
manufacturing SMEs to transform themselves 
towards sustainable PSS? 
Table 4-1: Objectives and questions addressed in chapter 4 
4.2 SMEs in Colombia 
Colombia is considered a SME country. According to the census done by DANE (2005) 
99.86% of the total number of companies in Colombia are SMEs. These SMEs are responsible 
for 80.8% of the total employment of the country and contribute 37% of the national GDP 
(Gross Domestic Product), (DANE, 2005). Of the total number of SMEs, 96.4% are micro 
enterprises with less than 10 employees. 
Taking into account the importance of these SMEs for the Colombian economy and social 
wellbeing, different supporting programs to improve their conditions have been established. 
Through these programs and projects particular weaknesses of Colombian SMEs have been 
identified. Some of them are (CONPES3484, 2007): 
− High levels of informality 
− Low levels of networking 
− In general they don't diversify in their objective markets 
− They have low technological level and low human capital training 
− Limited access to financial sector 
− The managers of SMEs are too cautious to invest 
− The SMEs don't have the competence to innovate 
− They have a very low use of ICT  
− They have limited participation in public contracting 
Facing these weaknesses, different organisations have been working to identify areas of 
opportunity to design and develop actions to help these SMEs to achieve better strategic 
positions, more efficient operations, and to formalize their business models. One of these areas 
has been the adoption and use of ICT to improve their competitiveness and access to large 
markets.  In this area the Colombian Ministry of ICT developed the MiPYME Digital program, 
and it was through this program that the SMEs were selected to be part of this research. 
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4.2.1 MiPYME Digital Program 
The first version of this program was launched in 2008. Some of the factors that motivated the 
design and development of this program are related to the low level of adoption of ICT in 
Colombian SMEs. In Figure 4-1 the level of use of computers, Internet and websites by various 
types of Colombian companies is presented (DANE, 2008). With this motivation the program 
jointly finances, with ICT suppliers, projects to implement ICT in SMEs from diverse industry 
sectors. Additionally, MiPYME Digital follow–up on each financed project and each SME. They 
select and present successful cases to encourage the participation of more ICT suppliers and 
more SMEs, and they give the frame of reference to develop the projects and support the 
suppliers and the SMEs alongside them. 
 
Figure 4-1: Use of ICTs in Colombian Enterprises by type of company, (DANE, 2008) 
The program in the first three versions (2008-2010) has benefited 2366 SMEs covering 70% of 
the Colombian territory. The industry sectors where the program has had the best results are: 
tourism, textiles, footwear and leatherwork, agro-industry and small shops, (MiPYMEDigital, 
2010). The main focus of this program has been to improve the conditions of SMEs in order 
to positively affect their competitiveness.  
According to Dixon et al. (2007) the use of ICT increases the level of firm’s productivity, and 
contributes to participation by firms in global markets, obtaining advantages from economies of 
scale and better technologies. Taking into account these characteristics the involvement of 
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SMEs from this program in the research was partly motivated by the opportunity to propose 
other approaches to support SMEs in the same area of adoption and use of ICT. The main 
idea of the program was to increase competitiveness and reveals a well-defined economic 
interest but the social and environmental aspects were not formally established in their 
objectives. It is interesting to present the development of sustainable PSS in SMEs as one 
alternative aligned to the national policies to encourage a productive transformation of 
industrial sectors following sustainable principles (CONPES3484, 2007; Consejo Privado de 
Competitividad, 2009; UPME, 2010). This context presented a good opportunity to research 
this area and build cooperation agreements such as the one established with the Colombian 
Ministry of ICT to carry out this research. 
4.3 Pilot of the survey 
Five topics were included in the pilot survey. These topics were divided in two main sections. 
The purpose of the first section was to identify factual business practices, processes and 
operations, while the purpose of the second one was more to establish perceptions of the 
SMEs. In terms of factual practices the topics treated in the survey were: adoption and use of 
ICT, design practices and business strategy. In terms of perception the topics were: 
sustainability and product service systems. The purpose of including each of these topics is 
presented in the next paragraphs.  
Information and Communications Technologies, it is one of the main pillars of this research. 
Identifying how SMEs use ICT, and how ICT has changed their operations is fundamental to 
establishing possible contributions to the design of sustainable PSS. The questions in this area 
explored ICT applications used by the SMEs, the benefits and difficulties they have experienced 
using ICT, and their motivations to adopt and use ICT in the first place. The objective of 
identifying these motivations was to determine if the same motivations can be used as drivers 
to introduce the concept of sustainable PSS. 
Design practices, one of the major challenges associated with the development of a PSS and 
even more so in the case of sustainable PSS is the integrated design of all its elements. For this 
reason it was fundamental to explore and understand the design practices and competences of 
the SMEs. These design practices can put SMEs closer or further away from the possibility of 
offering a sustainable PSS. The questions in this area were related to the process followed by 
the SMEs when designing and launching their products, the aspects that they take into account 
in that process, and if they consider subjects such as environmental performance of materials, 
energy consumption, packaging and waste as part of the design criteria.  
 109 
Business strategy has been identified as an important aspect to survive in day-to-day 
competitive markets and it is fundamental in the development of sustainable PSS. In that sense, 
and taking into account that one of the weaknesses mentioned by Consejo Privado de 
Competitividad (2009) is the high level of informality of the Colombian SMEs, the main 
objective was to identify if the SMEs involved in the study had formal strategies. Additionally, 
their management systems, products and processes certifications, and target markets were 
explored. These questions were used to gain an understanding of their internal organisation, 
the opportunity to develop new markets and the commitment of the top management to 
adopt more sustainable business models. 
Sustainability is one of the subjects that could be new for the SMEs. It was possible that they 
had been exposed to norms and programs to encourage cleaner production in the past, 
however it was not clear if the concept has been treated in its more complete sense of the 
Triple Bottom Line. For this reason the questions in this area looked for values, objectives, 
activities and projects where it could be possible to find some evidence of their environmental 
and social concern, life cycle thinking and end-of-life strategies. 
Product Service Systems is the conceptual line of the research. It was expected that there would 
be a low level of knowledge on the topic. For this reason the questions in this area were 
oriented mainly to identify the perception of the SMEs. In order to evaluate this perception a 
general definition of a sustainable PSS and one example were included in the survey, then 
based on this definition the SMEs were interrogated on the topic in relation to their current 
offers to determine how comprehensive the concept was and what disposition they had to 
change towards these kinds of systems. 
Covering these five areas a first version of the survey with 32 questions was developed (see 
Appendix C). This survey was designed based on the literature review and the second version 
of the reference model presented at the end of Chapter 2. 
4.3.1 Participants in the pilot survey 
Ten SMEs were contacted to carry out the pilot study after the details of each company were 
received from the “MiPYME Digital” program. The initial contact was established by email 
explaining the objectives of the pilot, the scope of the project, and the instructions needed to 
complete the survey on a dedicated online platform. In addition to the emails the firms were 
contacted by phone; however at this stage only five of the 10 SMEs were effectively reached 
by phone. Three of the companies answered the emails asking for more information about the 
project and to confirm the instructions to complete the survey. In the end, nine of the 10 firms 
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accessed the survey and five finished the survey successfully. The dynamic of the SMEs that 
participated in the pilot study during these four weeks is shown in Figure 4-2. 
 
Figure 4-2: SMEs that participated in the pilot study 
4.3.2 Principal findings from the pilot 
Taking into account that the objective of the pilot was to test the survey as a data collection 
method, the analysis was focused on methodological results. These results were used as the 
basis to modify the survey before it was distributed to the larger group of Colombian SMEs. 
The methodological findings and the modifications done to the survey are shown in the next 
sections.  
4.3.2.1 Methodological results 
Some of the more important results in methodological terms were: 
− The on-line survey was an efficient method to reach SMEs that are dispersed 
across the Colombian territory that with a personal enquiry had been 
impossible to reach. 
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− The platform used to distribute the survey was reliable for the access of the 
SMEs and for the administration of the survey. 
− The use of a platform to deliver the survey showed very interesting features in 
how the answers were organised and available for its analysis. 
− The response rate of the pilot was the 90%. Despite it being a very good rate, it 
wasn’t considered as a point of reference for the main group because the SMEs 
selected for the pilot were particularly keen to participate and it was the reason 
they were selected. 
− The number of uncompleted surveys and the decrease of additional comments 
in the later questions of the completed surveys suggested that the length of the 
survey should be shorter when used with the main group of SMEs to encourage 
completion and more additional information. 
− The SMEs experienced some problems because part of the support from the 
platform used to deliver the survey was in English. It was amended for the main 
group and all the virtual support was given in Spanish.  
Finally, taking into account the time of response and the communication with the SMEs during 
the pilot, it was decided to reach the large group of SMEs by different means. The objective 
was to improve the chances of a high response rate and completed surveys. This change came 
from the fact that the firms that sent completed surveys during the pilot study were the firms 
reached by email and phone. The SMEs that were only contacted by email did not complete 
all of the survey. 
4.3.2.2 Changes in the survey 
The first survey used in the pilot with 32 questions was simplified and reduced to 16 questions 
covering the same five areas. As was explained in Chapter 3, this simplification was mainly 
achieved through the elimination of questions that tried to incorporate different topics such as 
business strategy and sustainability, or PSS and ICT into single questions. It was decided to 
leave only questions belonging to each topic and then in the analysis of the results establish the 
relationships. 
Another important change in the survey was to reduce the number of pages on the web 
platform. During the pilot, responders had to go through nine pages validating their answers at 
the end of each one before they could advance to the next page. This process generated 
misunderstandings as to when the survey was completed. Some of the pilot participants 
reported by email that they had finished the survey but on reviewing their answers it was 
discovered that some of them had not completed the last set of questions. Therefore, in the 
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new version of the survey only three pages were designed: the first page contained the 
introduction and explanation of the process, the second page had the questions, and the third 
page was used for the identification process. The final version of the survey used for the 
scoping study is presented in Appendix C. 
4.4 Survey with the large group of SMEs 
The survey was sent with a presentation of the research describing its objectives and scope by 
email to a list of 1600 SMEs involved in the first version of “MiPYME Digital” in 2008. From the 
1600 emails 300 failed to be delivered, leaving 1300 usable email addresses. From those 1300, 
and after three months of follow–up, 38 successfully completed surveys were returned. The 
initial response rate calculated directly from the 1300 emails is 3%, a very low rate even for an 
Internet survey (Robson, 2002). However it was not possible to determine how many of the 
1300 emails were in use at the time of the study.  The majority of these email accounts were 
created during “MiPYME Digital” program in 2008 and there were no processes in place to 
check that the SMEs were still using these accounts. For this reason, the response rate did not 
give precise information about the attitude of the SMEs to this study. It left the question open 
about the means that should be used to involve this type of company in future stages of the 
research.   
 
 
Figure 4-3: Type of companies considered and main industry focus 
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In the survey the SMEs were questioned about business strategy, use of ICT, their design 
process and their perception of sustainability and PSS. In Figure 4-3 a summary of the type of 
firms included in the study according to the International Standard Industrial Classification of all 
Economic Activities (United Nations) is presented.  
In terms of number of employees, some firms had just one employee while the largest firm 
had 92 employees. The group of companies participating were located in different areas of the 
country with one large group in Bogotá, the capital city. It was very interesting in this point of 
the research to have an overview of the topics involved from companies coming from diverse 
sectors and different types of operations. 
4.4.1 Main findings 
The analysis of the survey was done not question-by-question, but instead the questions were 
grouped in sets to evaluate the answers in terms of the research approach proposed. For 
example, questions related to the adoption and use of ICT were related to questions about 
the potential contribution of ICT to sustainable PSS. The analysis carried out was oriented to 
two objectives. Firstly to get an idea of the SMEs perception of the topics involved in the 
research, and secondly to collect feedback that could help to design the main study and later 
the final business framework. This analysis is presented in the next sections. 
4.4.1.1 SMEs Perception of sustainable PSS  
A general definition of what is considered to be a PSS with a short example, both taken from 
Manzini and Vezzoli (2003), were given to the SMEs in the survey. The companies were then 
asked if they believed they were offering a PSS at that time and the results showed that just a 
few SMEs believed they currently were. However, SMEs showed a positive reaction about the 
possibility of offering a PSS in future. More than 60% of the SMEs involved thought that they 
could offer a PSS in their current conditions. It is interesting that any SME that confirmed they 
were able to develop a PSS recognized the barriers identified in the literature to design and 
develop these kinds of systems  (see Figure 4-4). This fact suggested a partial understanding of 
the concept and the interest shown was a good signal of potential engagement by these SMEs 
in a transformation project.  
In terms of the possible advantages that a PSS could bring to these SMEs, the companies were 
asked if they thought offering a PSS could bring opportunities for them. Thirty-three SMEs 
thought that it would, just one that it would not, and four were unsure (see Figure 4-5).  
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Figure 4-4: Possible contribution of ICTs to PSS 
 
Figure 4-5: Perception of design and development of PSS 
The main opportunity identified was the possibility to enrich their offers with associated 
services. SMEs believe new services can help them to gain competitiveness, loyalty from 
customers, and to increase sales.  These are all aspects that are part of PSS drivers and benefits 
identified in the literature. However, companies did not mention other benefits such as 
enhanced innovation capacity, more flexibility and better environmental performance even if 
the definition presented as a reference was more a definition of a sustainable PSS than just a 
PSS. In the end, only one SME showed an understanding of the benefits of a PSS as a means to 
achieving organisational change. As a result, it was decided for the main study to address this 
subject, first declaring explicitly the definition of the PSS as a sustainable PSS, and second 
expressing the opportunities that a sustainable PSS can bring as a precise list of benefits. Then, 
the connection between offering a sustainable PSS and the opportunities that these systems 
can bring will be more evident. 
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Additionally, SMEs did not see the possible advantages of a PSS related to the relationships 
with other stakeholders except for the relationship with their customers. This result is very 
interesting especially if it is considered that many sustainable PSS currently presented in the 
market were developed through the integration of a diverse range of actors in their supply 
chain. Although the relationship with their customers is often the most important for a 
company, sustainable PSS can improve how SMEs deal with communication and negotiation 
with other stakeholders and from that improvement benefits can arise. 
Furthermore, despite the importance that SMEs give to their relationship with their customers 
there was no evidence of SMEs understanding the concept of PSS by its capacity to change 
how they satisfy those customers. The comments of PSS changing their relationship with the 
customers were just related to how they can identify their needs and establish commercial 
communication. Important advantages identified in the literature to achieve sustainable results 
through PSS are related to dematerialization, intensification of product use, and innovative and 
efficient solutions in the supply chain, but these were not mentioned by the SMEs. Finally, 
some of the firms agreed that PSS could bring opportunities to their companies but also 
recognized that despite these opportunities they did not have the knowledge to develop and 
implement a PSS: 
"My product is food, but I do not know if making sub-products belongs to this kind of 
question that you are asking me (does your company offer a PSS nowadays?), but I 
would like to know, if it does belong, how to do it". Owner-Manager, Food SME 
"Because this system is characterized by the satisfaction of the client in specific 
aspects, if my company was offering them it would increase the demand for a new 
service, but it is not clear to me how to implement this system in my textile company". 
Manager, Textile SME 
 
4.4.1.2 Adoption and use of ICT in the SMEs 
In order to understand the process of adoption and use of ICT in the SMEs, the companies 
were interrogated on what were the most-used technologies in their companies and what 
were the main motivations to adopt and use those technologies. In the first question, the top 
five most-used technologies were: email, Internet, fixed line phone, computers, and printers 
(see Figure 4-6). The idea to include very basic ICT, such as fixed line phones or printers, in 
this question was to establish the stage of adoption of technologies in the SMEs. A complete 
list of ICT presented by Kotelnikov (2007) was included in this question as a frame of 
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reference. According to Kotelnikov’s model of adoption and use of ICT in SMEs, almost all the 
firms interrogated were in early stages of adoption of basic technologies for communication 
and information management. Just a few firms used specialised software such as ERP, CRM or 
inventory management programs. Additionally only eight SMEs stated that they used e-
commerce despite the fact that 24 claimed to have a website (see Figure 4-6).  
 
 
Figure 4-6: Technologies used in the SMEs and top reasons for using them 
Establishing the relationships between the ICT used in the companies and a level of adoption 
according to Kotelnikov’s model was very valuable for realising that even if all these SMEs were 
part of MiPYME Digital program, it did not mean they were advanced users. Moreover, despite 
the project being carried out in 2008, two years later the SMEs involved in the study did not 
show evidence of improvement or updating of the technologies initially adopted. This result 
has direct influence on the approach pursued in this research, and at that point it was identified 
as one potential barrier to designing sustainable PSS based on the integration between product 
and service design and ICT involving SMEs. 
Finally, in order to assess the SMEs perception of the relationship between the use of ICT and 
the development of sustainable PSS, it was asked if they thought ICT could contribute to the 
development of this kind of system in their companies. Thirty-five SMEs said they believed ICT 
can contribute and just three companies were unsure.  
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According to the additional comments given by the SMEs, the positive perception of using ICT 
and the contribution of ICT to develop PSS was mainly related to three aspects. First, ICT can 
facilitate and improve communication with clients. Second, ICT can be the means to offer 
additional services associated with the products that SMEs already provide. And third, ICT can 
offer the SMEs the opportunity to be more efficient and assertive in their operations and 
administrative processes. The first two contributions mentioned by the SMEs are the most 
common connections between ICT and PSS proposed in the literature, with the inclusion also 
of improved communication with other stakeholders. However, this point is continually missed 
in the SMEs’ comments, having a clear focus on their relationship with customers and ignoring 
other stakeholders. 
The last potential contribution mentioned for some firms was a surprising result even if it was 
not fully explained. The integration between product and service design and ICT to design 
sustainable PSS has a lot of relation to more efficient and assertive companies. However, 
designing sustainable PSS usually demands a radical change that goes further than process 
efficiency. The three possible contributions of ICT to the development of PSS were a very 
important result but at this point in the research a structure was needed in order to exploit 
these opportunities.   
4.4.1.3 Awareness of sustainability in the SMEs 
Having a defined business strategy was identified in the literature as a very important driver to 
developing sustainable businesses, adopting and using ICT, and developing sustainable PSS. 
However, less than half of the SMEs surveyed said they had a defined business strategy and 
only three mentioned having a product, service or process certification (Figure 4-7). These 
results confirm some of the weaknesses of Colombian SMEs identified by CONPES3484 
(2007). High levels of informality, lack of competences to innovate, and aversion to taking risks 
are weaknesses connected to this lack of business strategy, and they can be important barriers 
to the development of sustainable PSS.  
Furthermore, the fact that the SMEs involved in the study did not have product or process 
certifications can represent different things. On one hand it can reflect processes not being 
well-defined and low standards of quality in their products and production techniques. But also 
it can mean a lack of support and certifications on offer to these types of small companies. 
Taking that into account, there was not enough information in the survey to determine the 
cause of this lack of certifications. This subject was studied in depth in the main study. 
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Figure 4-7: Business strategy and certifications 
In terms of awareness of sustainability, the SMEs were asked if they believed their operation 
was sustainable. It was interesting to note that half of the firms perceived their current 
operation to be sustainable despite previous studies where the lack of awareness and 
knowledge of environmental legislation and social responsibility have been mentioned as an 
important barrier to develop sustainable strategies in SMEs (Ciliberti ., 2008; Van Hemel & 
Cramer, 2002). For this reason the necessity of additional questions on this subject was one of 
the improvements for the research arising from the scoping study. 
On the other hand, according to the firms that did not consider themselves to be a sustainable 
operation, the main reasons were: lack of financial resources and lack of tools and technical 
knowledge to participate in sustainable markets. This suggests an understanding of sustainability 
as the opportunity to produce and sell sustainable products. Despite that, it is a very important 
part of sustainable operations. It is also a simplification of the implications of having a 
sustainable operation. 
This kind of partial understanding of sustainability was also evident in the additional comments. 
SMEs that confirmed having a sustainable operation explained their answer in terms of good 
environmental practices such as recycling and cleaner production. Other aspects that are 
important for the development of sustainable PSS were not mentioned, for example the 
change of behaviour that a company can generate through their products and services or the 
awareness of the impact of their products across its life cycle. However, when they were 
interrogated on their objectives and values, initial positive feedback about the work of the 
SMEs on sustainability was the inclusion of concepts such as fair trade, impacts on the 
community, cleaner production and responsibility over the whole product life cycle. This 
answer, which came from a multiple selection question, generates a little contradiction with the 
previous question where no social aspects were included as an explanation of its sustainable 
 119 
operation. Moreover, the aspects included in the objectives and values were overshadowed by 
profitability, market share and costs as the three most frequently mentioned aspects (see 
Figure 4-8). For these reasons, this subject was also identified as an area where more precise 
ways to gather information in the main study were needed in order to built a more complete 
understanding. 
Finally, the SMEs were asked about the potential environmental benefits of implementing a PSS 
as a business model. The SMEs were more likely to associate the environmental benefits of a 
PSS with concrete actions such as recovering and recycling of products and materials. Other 
companies mentioned the idea that a PSS produces fewer emissions and less pollution, but it 
was not explained why or how they perceive this. Other sources of environmental benefits in 
a PSS identified in the literature, such as dematerialization, encouragement of sustainable 
consumption, intensification of product use, and the possibility of using better raw materials, 
were not mentioned by the SMEs. It confirmed a limited understanding of the PSS concept, 
and the necessity to find a different way to present the implications, benefits, main features and 
opportunities that a sustainable PSS can bring to a company in order to determine the real 
understanding of the concept by the SMEs. In this sense, just one company exposed a systemic 
perspective of the relationship between industrial operation and environmental performance, 
but oriented mainly to better control of processes than to innovative ways to satisfy their 
customers. 
 
 
Figure 4-8: Main aspects involved in the SME's objectives and perception of sustainability 
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4.4.1.4 Design practices in the SMEs 
Taking into account the approach proposed in the research, design is a topic of particular 
importance. For this reason a final analysis with the group of SMEs that stated they have a 
design process in-house was done. Instead of giving the SMEs a definition of what an in-house 
design process is, the SMEs were asked a multiple-choice question, enabling them to say if they 
had a design process or not.  Out of the SMEs, 20 declared that they had a design process in-
house (Figure 4-9).  
Of this 20, 15 SMEs were manufacturing firms and five were service companies. With this 
proportion the first interesting result was that 40% of these SMEs believe they already offer a 
PSS, and all five were manufacturing companies. None of the five SMEs classified as being in 
the service industry believe they have a PSS, even when they could be considered closer to 
the principles of a PSS. However, four of the five service SMEs believe that in their current 
conditions they could offer a PSS, while from the 10 manufacturing firms that consider they do 
not currently offer a PSS, just four thought they could offer a PSS in their current conditions. 
Taking into account the findings about the partial understanding of the concept of sustainable 
PSS, this perception of already offering a PSS or being able to develop one has to be studied 
further.  
 
 
Figure 4-9: Firms with a design process 
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This analysis, considering the proportion of firms in each industry (manufacture and services), 
presents a higher disposition to develop a PSS in service SMEs. It is interesting that from this 
group of 20 SMEs that have a design process, eight companies had a declared business strategy 
and from those, seven were manufacturing SMEs and only one a service SME. This result may 
have a relationship to the fact that traditionally there has been more manufacturing than 
services industries in the Colombian economy. However, this is a correlation that can have 
other influences and so there is not enough information to make a final judgement.  
Finally, the top five areas related to sustainable business development in which these 20 SMEs 
have been developing projects were: production techniques optimisation, optimisation of the 
product end-of-life system, selection of low environmental impact materials, fair trade, and 
reduction of impacts during the product use stage. It is very promising that in these areas 
particular applications of ICT to contribute to sustainable business development have been 
identified. For example, optimisation of production techniques relates to industrial efficiency 
and dematerialization, optimisation of end of life systems connects to the design of smart green 
products, and customer empowerment and fair trade links to social inclusiveness. These 
connections between sustainable business development and ICT also have a strong 
relationship to product and service design. It was the final purpose of this research to find how 
these areas could be integrated to design sustainable PSS, and these preliminary results from 
the scoping study were very encouraging. 
4.5 Discussion 
SMEs showed a positive response to moving toward sustainable PSS. Despite the fact that not 
many were offering one at the moment, the majority think they could offer one in their 
current conditions. This perception, even if there was evidence of a partial understanding of 
what a sustainable PSS is and what its implications are, was a very interesting result. The idea of 
making a transformation towards sustainable PSS is related to many technical competences as 
well as the fact that the commitment of the top management and the willingness to change is 
crucial to achieve a successful transformation (Mont, 2002b).   
Relevant opportunities arising from a sustainable PSS were identified by the SMEs as potential 
benefits of adding services to their existing products. However, the idea of adding services to 
actual products can result in PSS that are not necessarily sustainable or more sustainable than 
the previous products. In that sense this result shows possible misinterpretations of the 
concept of sustainable PSS that should be avoided. As a result of this, a different strategy was 
designed to present the topic to the SMEs during the main study and in the final business 
framework. In the main study, the concept was explained in two ways, first as the possibility to 
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add services to existing products, taking care that the final offer performs better than the initial 
product, and second, that this was given more attention, sustainable PSS offers a new way to 
change the way they satisfy their customers. The fact that the SMEs were aware of the 
potential benefits of a sustainable PSS was recognized as an important selling point to 
introduce the concept to other SMEs. 
Interrogating the SMEs about sustainable PSS revealed a partial understanding of the concept, 
mainly because none of the possible barriers to developing this kind of system were 
mentioned. However, it is a result that can be expected because the questions were oriented 
to find out what their perception was of a possible change to offer this kind of system and, as 
they haven’t been through the process, the lack of awareness of these difficulties is 
understandable. These results were an important insight for the scoping study and later for the 
main study to decide to design the final framework as a tool to create a possible 
transformation towards sustainable PSS before SMEs have to commit to a real transformation. 
In that sense, SMEs are able to see some of these barriers before they have to face them. 
Another interesting result from the scoping study was related to the strong inclination of the 
SMEs to think about their relationships only in terms of their customers. Throughout most of 
the survey, SMEs ignored their relationships with other stakeholders. They did not make 
reference to them in terms of the projects they had developed in the past, or in terms of 
competence, and it was mentioned by just a few SMEs in terms of the changes experimented 
in their communications thanks to the adoption and use of ICT. It was an important point 
during the analysis of the results because it has been mentioned by different authors that in 
order to develop offers such as a sustainable PSS, in many cases it has to be done through the 
integration of different stakeholders in the supply chain (De Bruijn & Tukker, 2002; Hofman & 
De Bruijn, 2010). In order to address this issue, it was decided to include it in the interviews of 
the main study and ask direct questions on the relationships between the SMEs and other 
stakeholders. 
In terms of the adoption and use of ICT, one surprising result was the basic level of 
technologies used by the SMEs and the lack of upgrade of this technology. After two years of 
being involved in the “MiPYME Digital” program the ICT reported to being used were mainly 
email, computers and printers. Even the SMEs that reported to have a website were using it at 
a very basic level. Despite this situation SMEs were able to define possible contributions of ICT 
to the development of sustainable PSS. This was a very important result because the 
contributions described were strongly related to findings in the literature review, such as ICT 
improving communications skills needed to develop a PSS and increasing organisational 
efficiency, and ICT bringing new technologies to make PSS viable. Additionally, the 
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contributions mentioned by the SMEs are also related to the research approach. In this sense it 
was decided to use contributions that can be easily understood as an introduction to the topic 
during the interviews in the main study, and also later in the business framework as explicit 
areas of opportunity. 
One disheartening result was that less than half of the SMEs involved in the study stated that 
they had a business strategy and only three mentioned having a certification. As it was 
suggested in the analysis, this can reflect low standards of design and production or difficulties 
in accessing these kinds of certifications. In any case a business strategy and healthy 
organisational processes are very important factors to move towards a sustainable PSS. Taking 
into account this preliminary result, the areas to be explored in the main study were 
restructured and the initial five were reconfigured into four: design, sustainability, ICT, and 
business environment. This gave more importance to organisational aspects not directly related 
to design and ICT, but that can have a large influence on the design of sustainable PSS, as is 
business strategy. Lastly, when the SMEs were asked about their knowledge and awareness of 
sustainability, it was interesting that a large number considered themselves to be sustainable 
companies. However, the complemented questions showed misconceptions and partial views 
of the topic. It was an expected result and different tools were used later in the main study 
and in the business framework to deal with the complexity of presenting the topic and getting 
a fair view of the SMEs understanding.  
Finally, one of the major findings from the scoping study was the necessity to establish and 
present, in a structured way, possible relationships between design and ICT in terms of 
sustainable PSS. After the survey was analysed it was found that there were not direct 
questions that could give information about how the SMEs perceived that relationship 
between design and ICT. Furthermore, analysis of the survey helped to realise that it was not 
clear at that point of the research what that relationship could be. For that reason, further 
research on that possible relationship was needed. 
4.6 Conclusions 
In methodological terms the scoping study provided the research with a first set of valuable 
insights on the SMEs perception of sustainable PSS. Despite the fact that developing 
sustainable PSS has to be supported by more than a positive perception, these preliminary 
results were very encouraging and useful for reshaping the following studies done during the 
research. It was found that some of the motivations for using ICT could be used as driver to 
induce a transformation towards sustainable PSS. For example, the possibility of opening new 
markets, improving relationships with clients and increasing competitiveness were recognized 
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by the SMEs and they are part of the benefits that a sustainable PSS can offer a company. The 
fact that the SMEs recognized these aspects, make a potential transformation more likely. 
In terms of knowledge and awareness of sustainability, SMEs showed partial understanding of 
the implications of becoming sustainable companies. But at the same time, many of them have 
been developing projects in the area. This result means that the approach proposed in the 
research should include training on sustainability to avoid misconceptions or partial 
understanding, but the transformation towards sustainable PSS may not necessarily be done 
from scratch. The projects done by the SMEs can be used as launch platforms to introduce the 
concept of sustainable PSS. 
One common insight from the scoping study was the recognition that some of the areas 
included in the research should be clarified and better explained in order to get complete and 
useful information from the SMEs. The points where clarification was needed were for 
example, the explanation of the concept of sustainable PSS, the presentation of the possible 
barriers and benefits that a sustainable PSS can bring to a company, the implications of a 
sustainable operation and finally the possible relationships between design and ICT in terms of 
sustainable PSS. In this last point the scoping study identified the necessity to carry out an 
additional study to analyse current PSS and define that possible relationship because no 
evidence was found in the literature review. Regarding the response rate, which was lower 
than expected, it is possible that there was a relationship between this rate and the basic level 
of technology used by the SMEs. If the SMEs that participated in the survey were using very 
basic technologies and haven’t upgrade the technology they use for the last two years, there is 
a large possibility that many of the SMEs on the initial contact list provided by the ”MiPYME 
Digital” program have given up the ICT previously adopted. It is possible that more accounts 
than the initial 300 that were unreachable were also unavailable. If this was the case, then the 
response rate could be larger but there are no means to prove this. 
Finally, the analysis of the results of the scoping study provided additional elements for the 
reference model. These elements were a new section to evaluate the criteria used in the 
design process, the consideration of the stakeholders involved in the design process, a section 
on the difficulties of developing sustainable businesses, the recognition that the motivation to 
become sustainable in a company can be internal or external, and the acknowledgement that 
there are technologies in the manufacturing process that can have influence on the design 
process. These changes in the reference model, and other additions coming from the analysis 
of the PSS done after the scoping study, are part of the third version of the model presented 
at the end of Chapter 5. 
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5 Integration between Design and ICT 
 
 
5.1 Introduction 
After the scoping study was complete the necessity to formally define possible relationships 
between design and ICT in the context of a sustainable PSS was identified. This necessity 
responded to the objectives and questions presented in Table 5-1. 
 
Objectives Questions 
3. To identify possible routes of integration between 
design and ICT that could characterize a sustainable 
PSS and contribute to its design. 
 2. How can design and ICT be integrated in 
order to contribute to the design of sustainable 
PSS? 
Table 5-1: Objectives and research questions addressed in Chapter 5 
In almost all of the sustainable PSS already on the market the presence and importance of 
these two areas is evident. On one side products and services are the result of a design 
process. In some cases, these products and services are clearly designed for a particular system. 
In others they are more generic elements, however it is a fundamental part of creating the 
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elements of the system. In terms of the contribution of design to encourage the sustainability 
of PSS, different concepts, methods and tools were mentioned in the literature review. These 
concepts include ecodesign, design for remanufacturing, design for recycling, and service design. 
On the other side ICT can be part of these sustainable PSS in different forms. It can be part of 
the system as a platform to allow the interaction with the users of the system. It can be 
embedded in the products of the system playing different functions or they can be the 
operational support of the PSS. In a similar way that design can influence the sustainability of a 
PSS, ICT can contribute to the sustainable performance of the system. In the literature review 
areas of opportunity where ICT can encourage the development of sustainable businesses 
were identified. These are, for example, development of smart green products, virtualization, 
and development of e-commerce platforms.  
However, despite the presence of these two areas in a sustainable PSS, there is no evidence in 
the literature review of a formal definition of the possible relationships between them in this 
context. The contributions found in the literature make reference to the individual contribution 
of each of these two areas to develop sustainable businesses, and in few cases the individual 
contribution to develop PSS. No previous work was found that establishes particularly the 
integration of these two areas to design and develop sustainable PSS. Therefore a structure to 
understand how this integration can be accomplished and how this integration can contribute 
to design sustainable PSS is needed as part of the research approach proposed. Moreover, this 
structure is needed to establish the possibilities of having that type of integration in a SME with 
the purpose to design sustainable PSS. 
For these reasons it was decided to select and analyse a group of sustainable PSS and through 
this analysis, define possible relationships between design and ICT in the systems. As a result of 
this analysis four relationships were identified. These relationships were used then to define 
four generic types of sustainable PSS that represent how design and ICT can be integrated in 
the context of a sustainable PSS. In the next sections the selection of the sustainable PSS, the 
analysis carried out, and the description of the four generic types of sustainable PSS are 
presented. With the insights from the scoping study, the analysis of the PSS, and the resulting 
types of sustainable PSS, a third version of the reference model is presented. This third version 
of the reference model was used to lead the main study presented in Chapter 6. 
5.2 Analysis of current sustainable PSS 
In order to carry out the analysis of sustainable PSS a procedure of selection and an evaluation 
method were developed. In the next sections the selection, evaluation, and results of this 
analysis are presented. 
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5.2.1 Selection of sustainable PSS 
The selection of the PSS on which to carry out the analysis was done with the intention of 
having a set of systems with a broad range of different characteristics. For this reason different 
industries were considered, oriented to different final users and developed by companies of 
diverse sizes and conditions. The selection wasn’t a representative sample of cases, but more a 
search of variety. In order to select each PSS three criteria were established: 
− That they were developed by companies or organisations following a 
commercial interest, including pilots carried out to try possible business formats. 
− That they were currently or recently present in the market. 
− That the companies or organisations that developed the system claimed 
environmental or social benefits, or both through the system. 
The systems selected fulfil these three criteria to different degrees. While some PSS expressed 
their benefits very clearly, there were others whose benefits were more marginal. Furthermore 
some pilots were included even if the business format was not very clear but recognized 
commercial companies offered them. Following these criteria the 36 PSS selected are 
presented in Table 5-2. More details of these PSS, the websites and references consulted 
during the analysis can be found in Appendix D. 
5.2.2 Analysis of the sustainable PSS 
The objective of analysing the PSS was to understand how design and ICT were related in 
these systems. In order to do that, a set of questions were proposed and each PSS was then 
analysed using these questions. The questions covered topics such as orientation to products 
or orientation to services, if the products were designed specifically for the PSS, evidence of a 
level of innovation in terms of the design of the products and services, ICT used in the system, 
and claimed benefits.  
Using these topics, a set of 12 questions was created. The final version of these questions is 
given in Table 5-3. Each of the 12 questions was answered for each of the PSS selected. A 
table with all the answers can be seen in Appendix E. Using the answers and descriptions of 
each of the PSS the analysis followed a qualitative approach looking for similar characteristics 
between the systems. It was a simplified clustering process using the answers to these 
questions as codes linked to the aspects that each question evaluated. The clusters of similar 
systems according to the analysis carried out are shown in Figure 5-1. 
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No. Name of the system Company 
1 Loop By The Yard MIO Company, LLC 
2 ZIPCAR Zipcar UK Ltd 
3 City Car Club UK City Car Club Limited 
4 Heim System Housing Sekisui Chemical  
5 Tool Lending Library Berkeley Public Library 
6 ReEntry® 2.0 Interface 
7 AutoShare Car Sharing Network Inc 
8 Solar Community Centers GreenStar 
9 Xerox Document Services Xerox 
10 Software as a Service OpenCrowd 
11 NorLux LED Light Systems NorLux 
12 Sick Sensor Technology Solutions Sick AG 
13 Energyextra Energyextra 
14 Call a Bike DB Rent GmbH 
15 Liftshare Liftshare.com Limited 
16 Farm Fresh To You Farm Fresh to You 
17 Ashland Chemical Solutions Ashland Inc 
18 Metal recycling operations Cookson Group 
19 Mannington Flooring Solutions Mannington Mills Inc. 
20 Odin Odin Consumentenservice 
21 Ceiling 2 Ceiling Armstrong 
22 Green Genie Tools Armstrong 
23 Pay-per-Wash Electrolux 
24 Roppe Flooring Designer Roppe Corporation, U.S.A 
25 Gispen Furniture Gispen 
26 Koppert Biological Systems Koppert BV 
27 Textile and Carpet Care MilliCare 
28 Mobility Car Sharing Mobility Cooperative 
29 Oce Printing for Professionals Oce / Canon Group 
30 Spulmobil Dekomueller 
31 OmniDiagnost Eleva Philips 
32 Pallet Renew Pallet Renew Inc 
33 Statt Auto STATTAUTO Munich  
34 Wilkhahn Wilkening + Hahne GmbH+Co.KG 
35 Castrol Complete CMS Castrol Limited  
36 Motiva Philips 
Table 5-2: PSS selected for the analysis 
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Question 
Aspect 
evaluated 
Possible answers 
1. Is the PSS more oriented to products, to services, or to a 
balanced mix of products and services? 
Orientation 
of the system 
Products, Services, 
Mix 
2. Are the products of the PSS designed specifically for the PSS 
or are they generic products modified to adapt to the PSS? 
Importance 
of design 
Customised, 
Generic, NA 
3. Is there ICT designed and developed specifically for the PSS 
or it is a generic platform adapted? 
Importance 
of ICT 
Customised, 
Generic, NA 
4. Is ICT a part of the PSS as a main platform to enable the 
communication and interaction with the user of the PSS or 
as a commercial and operational support? 
Uses of ICT 
in the PSS 
Main platform, 
Commercial, 
NA 
5. Does the added value that the PSS gives to the user come 
mainly from customised designed products and services, 
sophisticated ICT, the integration of these two, or other 
aspects not directly related to design and ICT such as 
convenience, price or availability? 
Source of 
value 
Customised design, 
Sophisticated ICT, 
Integration of both, 
Others 
6. Is the PSS simple or complex in terms of stakeholders 
involved? 
Complexity 
of the PSS 
Simple, Complex 
7. Is the level of interaction between the user and the PSS low, 
medium or high? 
Dynamic in 
the PSS 
Low, Medium, High 
8. Does the PSS offer a unique offer or there are multiple 
options available? 
Flexibility Unique, Multiple 
9. Is the level of concept innovation in the PSS low, medium or 
high? 
Level of 
innovation 
Low, Medium, High 
10. Is the innovation of the PSS associated to the products, to 
the services, to the integration between products and 
services? 
Source of 
innovation 
Products, Services, 
Integration 
11. Are the benefits claimed in the PSS mainly environmental, 
social, or both? 
Type of 
benefits 
Environmental, 
Social, Both 
12. Are the benefits claimed in the PSS associated mainly to the 
products, to the services, or to the integration of both? 
Source of 
benefits 
Products, Services, 
Integration 
Table 5-3: Final set of questions to analyse the sustainable PSS 
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Figure 5-1: Clusters of sustainable PSS according to the integration between design and ICT 
Each of these groups contains diverse PSS in terms of industry and type of clients. The level of 
integration between design and ICT was the main factor used to determine the similarity when 
creating the groups. The similarity between PSS was evaluated using the following five 
questions: 
1. Is the PSS more oriented to products, to services, or to a balanced mix of 
products and services? 
2. Are the products of the PSS designed specifically for the PSS or are they 
generic products modified to adapt the PSS? 
3. Is there ICT designed and developed specifically for the PSS or it is a generic 
platform adapted? 
 131 
4. Is ICT a part of the PSS as a main platform to enable the communication and 
interaction with the user of the PSS or as a commercial and operational 
support? 
5. Does the added value that the PSS gives to the user come mainly from 
customised designed products and services, sophisticated ICT, the integration of 
these two, or other aspects not directly related to design and ICT such as 
convenience, price or availability? 
The other questions were used to define the features of each cluster. More details of these 
clusters can be found in Appendix F. 
5.2.3 Results of the analysis of the sustainable PSS  
Through the analysis of the 36 PSS selected, four possible relationships between design and 
ICT in the context of sustainable PSS were identified. These relationships were used to define 
four generic types of sustainable PSS based on this integration. These generic types of 
sustainable PSS were: design based, design and ICT as supporters, design and ICT integrated, 
and ICT based (see Figure 5-2). 
  
 
Figure 5-2: Four generic types of sustainable PSS 
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The analysis with the 36 PSS was not done initially as a classification method. The main 
purpose of this analysis was to understand the relationships between design and ICT in the 
context of a sustainable PSS.  
Each generic type of sustainable PSS based on the integration between design and ICT was 
described by taking as a reference the groups of PSS analysed and their characteristics, and also 
the areas of opportunity that design and ICT can bring individually to the development of 
sustainable businesses. These areas of opportunity were, in part, identified during the literature 
review and registered in the second version of the reference model, and were partially 
identified during the analysis of the 36 sustainable PSS. In Table 5-4 these areas of opportunity 
where design and ICT individually can contribute to the development of sustainable businesses 
are presented. One major contribution to the definition of the four generic types of 
sustainable PSS is the idea of putting together these areas of opportunity in the context of 
sustainable PSS. 
 
Areas of opportunity from Design Areas of opportunity from ICT 
- Selection of eco-materials 
- Dematerialization 
- Production optimization 
- End of life optimization 
- Process efficiency 
- Encouragement of sustainable consumption 
- Collaborative design 
- Reduction of waste and emissions 
- Savings in use of resources 
- Reduction in energy consumption 
- Industrial efficiencies 
- Dematerialization 
- Development of smart green products 
- Servicing 
- Green buying 
- Social inclusiveness 
- Industrial safety 
- Improvements in communication across supply 
chains 
- Customers’ empowerment 
Table 5-4: Individual areas of opportunity to develop sustainable business from design and ICT 
These areas are broad fields where design and ICT individually can contribute to the 
development of sustainable business. However, these opportunities alone do not indicate how 
to achieve potential benefits from them. It is necessary to put those opportunities in context. 
For this reason, the description of each of the four generic sustainable PSS is divided in four 
parts. The general features of the sustainable PSS; a characterization based on the aspects used 
to define the similarity between PSS during the analysis of the 36 examples; a description of 
possible examples; and finally a list of possible areas of opportunity for each type of sustainable 
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PSS based on the lists presented in Table 5-4 and the analysis of the examples. In the next 
pages the four generic types of sustainable PSS developed are presented. 
Design based 
These are sustainable PSS where design is the main creator of value through products and 
services designed specifically to fulfil the purpose of the system. In these systems ICT usually 
plays just an operational and commercial role. Customers use the ICT provided for the system 
to make the purchase, have access to client services and technical support, but these 
technologies are not a central factor in the offer. 
In general innovation is a very important feature in this type of sustainable PSS. This innovation 
is represented by the use of new materials, production processes, and disruptive design 
concepts. With these characteristics these sustainable PSS are more oriented to products than 
services or mixes of products and services, (see Figure 5-3). The benefits associated with these 
sustainable PSS are mainly environmental and directly attached to the products of the system. 
 
 
Figure 5-3: Main features design based sustainable PSS 
Examples of these sustainable PSS include furniture, flooring, and ceiling systems where 
products are designed to be easy recyclable or remanufactured. In that sense companies can 
offer systems of recovery and replace, taking advantage of the particular technical 
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characteristics of their products. The environmental benefits arising from these systems are 
usually related to the following areas of opportunity: 
− Development of smart green products 
− Customer empowerment 
− Selection of eco-materials 
− Production optimization 
− End of life optimization 
− Encouragement of sustainable behaviour 
− Reduction of waste and emissions 
− Savings in the use of resources 
Design and ICT as supporters 
In this type of sustainable PSS, design and ICT are supporters of the system. They are not 
necessarily the main creators of value. In general, these sustainable PSS products are generic 
and not specifically designed for the system.  
Similarly, ICT are usually not sophisticated information systems developed for the PSS but 
instead more generic platforms to enable communication and sales to the customers. These 
sustainable PSS are not necessarily highly innovative in terms of products, materials or even the 
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concept, but they can be very creative on the service side, in how the offer is delivered to the 
final customer, (see Figure 5-4). 
 
 
Figure 5-4: Main features of design and ICT as supporters of sustainable PSS 
Services by subscription are common examples of this type of sustainable PSS. For example, 
fresh food delivery or cleaning and repair services offered as part of packages or full contract 
assistance methods. In these cases the value of the system usually comes from aspects such as 
convenience, perception of wellbeing, scale economies, and timesaving.  
The benefits of these sustainable PSS can be environmental by efficient use of resources and 
social by building a sense of community and generating employment through small providers. 
Areas of opportunity related to those benefits are: 
− Industrial efficiencies 
− Dematerialization 
− Servicing 
− Green buying 
− Production optimization 
− Resource efficiency  
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Design and ICT integrated 
In this type of sustainable PSS design and ICT are strongly linked to one another as creators of 
value. Products are generally designed specifically to fulfil the purpose of the PSS and linked to 
the development of sophisticated information systems. ICT articulate and enable the 
connection between customers, products, and services in the system. In these sustainable PSS 
there are high levels of interaction with customers usually through products with embedded 
technologies or dedicated information platforms, (see Figure 5-5).  
 
 
Figure 5-5: Main features of design and ICT integrated sustainable PSS 
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In general these PSS are highly innovative in terms of materials, processes, products, 
technology, concepts and ways to deliver the offer and connect with the customers. The main 
value in these systems is achieved through complex networks of services where products, even 
if they are specialized, occupy a secondary role. It is the particularity of the services provided 
what define the purpose of these systems and not the products, which explains why the 
orientation to products achieves a low level in Figure 5-5. 
Health adviser systems, specialized services, and complete solutions in industries such as 
energy, chemistry and industrial automation are usually examples of this type of sustainable 
PSS. The orientation of the PSS is the mix of products and services and the value comes 
mainly from that integration. They can bring environmental and social benefits associated with 
these areas of opportunity: 
− Industrial efficiencies 
− Dematerialization 
− Development of smart green products 
− Servicing 
− Customer empowerment 
− Selection of eco-materials 
− End of life optimization 
− Usage efficiency 
− Encouragement of sustainable behaviour 
− Collaborative design 
− Reduction of waste and emissions 
− Resource efficiency 
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ICT based 
ICT plays a main role in creating value in this type of sustainable PSS. ICT articulates the 
elements of the systems and enables its existence. This type of sustainable PSS usually has 
sophisticated information systems developed specifically for the system.  
ICT can be embedded in the products in order to make communication and interaction with 
customers possible. These kinds of embedded technologies usually do not require large 
modifications of the products of the systems. They are commonly generic products adapted to 
the system, (see Figure 5-6).  
 
 
Figure 5-6: Main features of ICT based sustainable PSS 
The majority of the examples under this type of sustainable PSS are related to transport 
systems. Car sharing, rental systems, or public bikes are examples of where ICT is the main 
platform to enable the system, and in general the products used are generic cars or bikes just 
with small modifications.  
As many of the examples of this type of sustainable PSS are related to transport, they can offer 
environmental and social benefits due to the following areas of opportunity:  
− Dematerialization 
− Development of smart green products 
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− Servicing 
− Social inclusiveness 
− Customer empowerment 
− Usage efficiency 
− Encouragement of sustainable behaviour 
 
 
 
 
 
 
 
 
5.3 Contribution to the design of sustainable PSS 
The four generic types of sustainable PSS defined represent one way for design and ICT to be 
integrated in the context of PSS. This integration brings together the areas of opportunity to 
develop sustainable businesses that design and ICT create individually, and put them in the 
context of sustainable PSS. In this sense design sustainable PSS based on the integration 
between design and ICT is defined as: 
The process of generation of innovative and economically attractive solutions of 
products, services and infrastructure that together create value and satisfy 
particular needs with less environmental and social impacts than traditional 
products and services (Manzini & Vezzoli, 2003), taking advantage of the 
opportunities that design and ICT and its integration give to the development of 
sustainable products, services, and businesses. 
The first part of this statement refers to the definition of a sustainable PSS and the idea that 
the sustainability of the PSS is on one hand a relative measure that depends on the previous 
offer and on the other hand a global idea of creation of value. What this means is that the 
sustainability of the design of the PSS is measured in terms of improvements in the three 
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dimensions of the triple bottom line with respect to the current products and services used to 
satisfy the same function. Those improvements that a proposed PSS can have, in comparison 
to a previous offer, can come from direct incremental or radical changes to the offer, and from 
the capabilities that the new PSS can give and therefore encourage the company. To define 
the sustainability of the PSS in this way facilitates a transformation towards PSS for a company 
because it is possible to see the benefits that this transformation can produce in their offers 
and in the company’s performance.  
In order to make the comparison measurable between the current offer and a design of a PSS, 
it is necessary to define some metrics. In the literature review different metrics to evaluate 
sustainable performance following a triple bottom line perspective were identified. In particular, 
Székely & Knirsch (2005) present a collection of metrics used by different worldwide-
recognized organisations. In Figure 5-7 the metrics used by BMW, BASF, and EON-Ruhrgas are 
presented as examples. 
 
 
Figure 5-7: Sustainability metrics, extract from Székely & Knirsch (2005) 
In Figure 5-7 it’s possible to see how these metrics are mainly used as global indicators of 
organisational performance not directly connected with a particular product or offer. 
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Additionally, these metrics are not designed to make comparisons between products, they are 
instead linked to large changes in the companies over a period of time. Considering that the 
global perspective of the metrics is not directly related to the offers and the fact that some of 
these metrics are very specific or complex, these types of metrics do not apply in the case of 
SMEs moving towards sustainable PSS. For this reason, the approach developed by UNEP 
(2009) was considered. This approach presents a set of guidelines to evaluate different aspects 
related to the sustainability of a PSS. This approach is less prescriptive, less complex, and gives 
a frame of reference that can be better adapted to the objective to measure the sustainability 
of a design of a PSS in comparison with a previous offer. The criteria included in the guidelines 
as presented by UNEP (2009) are shown in Figure 5-8.  
 
 
Figure 5-8: Sustainability guidelines criteria, (UNEP, 2009) 
Using these criteria as a basis, a set of areas of evaluation for each dimension of the triple 
bottom line was developed to measure the sustainability of a design of a PSS. The objective is 
to narrow down the aspects to evaluate and facilitate the comparison between a design of a 
sustainable PSS, even if it is not yet developed, and the previous offer of a SME. This 
comparison will allow the SMEs to know if the system they will move towards is more 
sustainable compared to what they have currently. Moreover, these areas can be used to 
compare different designs of sustainable PSS in order to select the one that performs best and 
then establish the comparison with the current offer. Some of these areas of evaluation are 
related to direct changes in the offer such as use of less resources or use of environmentally 
friendly materials. Others are linked to capabilities that the PSS can bring to the SME such as 
innovativeness or awareness of sustainability. In both cases the objective is to measure the 
sustainability of a design of a PSS in relation to the current offer. Even the areas that are 
related to capabilities of the SME have implicit relation to the PSS because it is through the PSS 
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that these capabilities can be developed. The areas of evaluation for each dimension of the 
triple bottom line are presented in Figure 5-9. 
 
 
Figure 5-9: Areas of evaluation to measure sustainability in a design of a PSS 
The areas for each of the dimensions of the triple bottom line do not establish particular 
indicators. Those indicators should be defined in terms of the type of product or service 
offered by each SME looking to develop a sustainable PSS and the functional unit selected to 
make the evaluations. In this sense, these areas of evaluation are the basis of the measurement 
of sustainability of a design of a PSS and from those measurements different metrics can be 
designed. 
In the second part of the statement about what it means to design sustainable PSS based on 
the integration between design and ICT, the research approach is presented. The idea of 
taking advantage of the opportunities that design and ICT both individually and integrated can 
give to the development of sustainable products, services, and businesses denote that 
approach.  
However, the descriptions given to the four generic types of sustainable PSS that represent the 
integration between design and ICT are just one part of the information and guidance needed 
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in order to design one of these sustainable PSS involving SMEs. It is necessary to establish the 
conditions under which the opportunities can be exploited. And it is also necessary to find a 
way to express the characteristics of the current offer of SMEs using the same elements that 
describe the four generic types of sustainable PSS in order to establish a comparison using the 
areas of evaluation presented above. It means to express the current offer of a SME and the 
conditions and features of the company in terms of design, ICT and sustainability, in order that 
the integration between design and ICT and their areas of opportunities make sense for SME 
and become a real launch platform for potential sustainable PSS.  
5.4 Discussion 
The analysis developed with the 36 PSS and the results of this analysis in terms of four generic 
types of sustainable PSS based on the integration between design and ICT are fundamental to 
answer the questions proposed in Chapter I. The four types of sustainable PSS represent the 
integration between design and ICT in the context of a PSS. Having these generic types of 
sustainable PSS contributes to the identification of the elements involved in the design of a 
sustainable PSS and outlines the areas of opportunity for bringing together the individual 
contributions of design and ICT for the development of sustainable business. It also establishes 
the scenarios where collective opportunities could emerge. 
Even though the PSS analysed came from different industries, had different final users, and the 
nature of their offers was diverse, in all of them it was possible to identify design and ICT as 
elements of the systems. This result is very important. Even if the analysis was not done as a 
classification method, the idea that any sustainable PSS can be characterized by the level of 
integration between design and ICT suggests that this integration can be used as a classification 
of sustainable PSS. These four generic types of sustainable PSS complement the traditional 
classification of PSS oriented to products, uses, or results and enrich the knowledge on how to 
design and develop sustainable PSS. Enhancing and sharing the general knowledge on PSS is 
the only way that the concept can be adopted by industry. 
On other hand, the aspects considered when analysing the 36 PSS through questions relating 
to the orientation of products or services, the elements that are creating value in the offer, or 
the role of ICT in the offer, can be useful in understanding the current offers of SMEs. For this 
reason these aspects were used as part of the guide for developing the interviews to carry out 
the main study with the second group of SMEs. 
One major challenge to support the transformation of SMEs towards sustainable PSS is being 
able to present and measure the benefits of that transformation. For this reason it was 
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fundamental to establish a set of areas of evaluation to frame the measurement of sustainability 
of a design of a PSS. The areas proposed are a simplification of other many aspects that can be 
measured in a PSS to establish improvement in terms of sustainable performance. However 
the idea was to keep this measurement simple and feasible for SMEs. If SMEs can measure 
their offers in the three dimensions of the triple bottom line, they will be able to define global 
indicators about their performance following the same perspective. 
5.5  Conclusions 
Bringing together the individual opportunities that design and ICT can give to the design of 
sustainable businesses and put them in the context of sustainable PSS was one major 
achievement of the analysis of the 36 PSS. However, bringing together individual areas of 
opportunity is only part of the potential contribution that the integration between design and 
ICT can give to the design of sustainable PSS. Opportunities emerging from the integration can 
also contribute to the design of sustainable PSS. In order to identify those potential collective 
opportunities, it is necessary to consider the conditions of the company who will develop the 
system, in this this case SMEs.  
Additionally, a structure is still needed to guide the design of sustainable PSS using the four 
generic types of sustainable PSS. In order to build that structure the terms used to describe the 
four generic types of sustainable PSS are used in the main study to explore the current offers 
and conditions of the SMEs. Only by putting the description of the four types of sustainable 
PSS and the conditions of the SMEs in similar terms, will it be possible to know if the areas of 
opportunity included in the descriptions of the four types of sustainable PSS are really 
achievable by SMEs. Moreover, only when the design of the sustainable PSS and the current 
offer of the SMEs are expressed in similar terms, will it be possible to make a comparison using 
the areas of evaluation proposed to measure the sustainability of a design of a sustainable PSS. 
Finally, and considering the results from the scoping study and from this analysis of the 36 
sustainable PSS, a third version of the reference model was developed (see Figure 5-10). In this 
third version, the three elements of design, ICT, and sustainable business development were 
merged into two, representing the individual contribution that design and ICT can give to the 
development of sustainable business but framed by the idea of its integration. This idea of 
integration is then represented by one block containing the four generic types of sustainable 
PSS as a route to design sustainable PSS and achieve the benefits. The third version of the 
reference model was part of the tools used to lead the interviews during the main study. It was 
also used as inspiration for the business framework presented in Chapter 7. 
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Figure 5-10: Third version reference model 
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6 Main study 
 
 
6.1 Introduction 
The main study was carried out following an exploratory case study approach with 16 
manufacturing SMEs from the leather industry, mainly footwear factories. The objective of this 
case study was to develop an understanding of the actual relationship between design 
practices and use of ICT in a group of manufacturing SMEs. Additionally, it aimed to 
understand characteristics of the industry such as innovation levels demanded, relationships 
between stakeholders, and general difficulties and challenges.  
Finally, it also explored differences between firms in terms of knowledge and awareness about 
sustainable operations, level of formality and importance of their business strategies and the 
possibility of developing innovative changes such as introducing e-commerce or developing 
services to support clients and suppliers. The purpose and motivation to carry out the main 
study was related to achieve the second and third objectives proposed in Section 1.4 and to 
build the basis needed to achieve the fourth one. These objectives and the research questions 
linked to them are presented in Table 6-1. 
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Objectives Questions 
2. To clarify the SMEs perception of moving 
toward sustainable business models, particularly 
using the concept of sustainable PSS as a means 
of transformation. 
 1. What is the perception of traditional 
manufacturing SMEs to transform themselves 
towards sustainable PSS? 
3. To identify possible routes of integration 
between design and ICT that could characterize a 
sustainable PSS and contribute to its design. 
 2. How can design and ICT be integrated in order 
to contribute to the design of sustainable PSS? 
4. To define a procedure that could orient the 
design of sustainable PSS based on the integration 
between design and ICT. 
 
 
 2. How can design and ICT be integrated in order 
to contribute to the design of sustainable PSS? 
 3. What are the areas of opportunity where the 
integration between design and ICT can contribute 
to design sustainable PSS? 
Table 6-1: Objectives and research questions addressed in Chapter 6 
Different methods were used to build the case study; the main one was a series of semi-
structured interviews with the owners or general managers of each of the 16 SMEs. Archival 
documents about the leather industry in Colombia, features of SMEs in developing economies, 
policies and governmental directives on sustainable development, productive transformation of 
SMEs, adoption of ICT and competitiveness in SMEs were also reviewed and included as part 
of the context of the case study.  
The exploration of these topics and their relationships was undertaken to achieve the 
objectives proposed and to build a final framework to design sustainable PSS based on the 
approach proposed. This framework is intended to give intermediaries, such as universities, 
government agencies, consultancies or any other parties interested in supporting the 
development of SMEs, the structure to understand the conditions under which SMEs could be 
involved in the design of sustainable PSS.   
In this chapter a profile of the Colombian leather industry is presented, along with its strategic 
vision, and some current challenges for the stakeholders involved in this industry. Then the 
case study, as the main study of this research, is presented, It’s divided into three main sections: 
firstly an introduction to build an understanding of the case study, secondly the coding process 
that guided the analysis of the interviews, and thirdly the development of themes following a 
thematic analysis. Finally, there is a section where the main findings from the case study are 
discussed in relation to the aim of the research, and also a set of conclusions, including the 
presentation of the final version of the reference model. 
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6.2 Background to the leather industry in Colombia 
The leather industry in Colombia is one of the most important industries, especially as a source 
of employment and because of the involvement of different regions in the country. In order to 
build some understanding about this industry and why it was selected for the case study, a 
background of it is presented in three sections. First, there are presented some of the main 
characteristics, strengths, and weaknesses of this industry based on the profile done by the 
National Department of Planning (DNP) in 2007. Second, the strategic orientation of the 
industry, also defined in the profile done by the DNP, and finally, a discussion of recent 
changes in Colombia that have been affecting the industry. 
6.2.1 Main characteristics, weakness and strengths 
According to DNP (2007) the leather industry is composed of six elements, from the raising of 
cattle to the commercialization of the final products. Between these six elements is the 
production of footwear where the SMEs involved in the case study sit. The other three that 
complete the set of six are: the slaughtering process, the tanning process, and the manufacture 
of products other than footwear (DNP, 2007). A simple scheme of these elements is 
presented in Figure 6-1. 
 
Figure 6-1: Elements of the leather industry in Colombia 
In general, cattle in Colombia are used for their meat and not for the skins. Due to the lack of 
technology and good practice in the slaughterhouses the quality of the skin is poor. That poor 
quality represents a problem later in the supply chain for the tanning process, (DNP, 2007).  
The tanning process in Colombia is done by micro, small, medium, and large enterprises with a 
huge variation in the use of technologies and environmental management. It is mainly large 
companies that use technology in the process and because they represent just a small 
proportion of the total number of companies dedicated to this process, small and medium 
tanneries are constantly under huge pressure due to the negative environmental impacts that 
they cause. These negative environmental impacts limit the exporting potential of the industry 
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(DNP, 2007). The distribution of the percentage of companies carrying out the tanning 
process in Colombia according to their size is presented in Figure 6-2. 
 
 
Figure 6-2: Tanneries in Colombia by size of the company.          
Companies located in 11 departments of the country with a large concentration in 
Cundinamarca and Bogota do the tanning process. Just in Bogota, the capital city, there is 81% 
of the total number of tanneries in the country. Even if the environmental performance of the 
tanneries has been improved during the last few decades, this link in the supply chain still lacks 
the latest technology in environmental management and management of residues, (DNP, 
2007). Additionally, there is imbalance in the environmental legislation and requirements from 
one region of the country to the another, creating distortion in prices and finally affecting the 
competitiveness of the industry (DNP, 2007). In terms of the production of footwear and 
other products manufactured in the industry, there is also a large difference in the use of 
technologies between small and large companies. According to the profile presented by the 
DNP (2007), the handcrafted origin of the production of footwear in Colombia is a factor that 
has been allowing the conviviality of the two levels of production.  
In 2004, according to the DNP, the leather production industry was worth 1.08 billion 
Colombian pesos, and the production of footwear (the main product of the industry) 
represented 31.17% of that total. At that time the whole leather industry employed 18,790 
people. Production of footwear was the major employer of the industry accounting for 6,335 
jobs.  
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In terms of exports, the main products exported in this industry were skins to be processed, 
leathers as raw material, and handbags in natural leather. The main destinations were the 
United States, Italy, and Venezuela (DNP, 2007). However these have changed in recent years, 
as it will be explained later. In terms of imports, in 2004 the main products imported were 
rubber and plastic footwear, followed by textile footwear. The majority of the imported 
footwear was produced in China and entered the market at prices lower than the national 
production, causing problems for the local producers (DNP, 2007). 
The specialization of the industry in the production of tanned skins, leathers, and some 
manufactured products is strongly affected by the lack of technology and poor technical skills in 
the handling of the skins. The DNP recognized, in the profile, a huge necessity to improve the 
production of skins, the tanning process, and the design of final products. Despite the 
importance of the industry, the production of footwear and other manufactured products was 
defined as being at high risk because of the lack of a clear strategy to compete with the lower-
priced products coming mainly from Asia, and with the highly-designed products made in 
Europe (DNP, 2007). A clear positioning was highlighted as necessary to ensure the survival 
and competitiveness of the industry. Finally, a list of weaknesses and strengths identified in this 
industry by the DNP and most current data of the leather industry is presented in the 
Appendix G. 
6.2.2 Strategic orientation of the leather industry 
In 2007 when the DNP created the profile of the leather industry, it also established its 
competitive strategy. The defined strategy for the industry was based on three main elements: 
“international recognition for quality and design, encouragement of collaboration in the supply chain 
and integration of the industry with supporting institutions, academia and with the state” (DNP, 
2007). Four main lines of action where designed to build that strategy: 
− Internationalization of the leather industry 
− Technological modernization of the industry 
− Strengthening of the first links of the supply chain in the industry 
− Decision to fight smuggling and informality 
 
Considering these lines of actions, there were four elements that influenced the selection of 
the leather industry for this research. First, it was defined that in order to have competitive 
products for national and international markets it was necessary to optimize the activities of 
the industry by building collaboration between the stakeholders of the supply chain. Second, it 
was considered necessary to encourage cleaner production and the fulfilment of environmental 
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legislation in the industry. Third, as part of the internationalization of the industry, it was 
decided to locate commercial offices overseas to offer additional services that can complement 
the sales of this industry. Finally, it was recognized as important to invest in the improvement 
of design and quality as these are unique elements that can differentiate Colombian products 
in internal and external markets (DNP, 2007). 
The criteria established to select an industry to carry out the case study was based on three 
main requirements. First, the intention to work with an industry where it was possible to have 
at least 15 SMEs, all of whom had previously been involved in an ICT adoption project. 
Second, it was desirable to work with a manufacturing industry with important representation 
in the national economy. And finally, an industry in which strategic vision favours areas such as 
design, technology and sustainability.  
The leather industry fulfilled all these criteria and due to the relationship with the Colombian 
Ministry of ICT, the approach was formally established. The only potential downside to 
working with the leather industry was the industry’s very traditional product orientation, which 
could be seen as a barrier to design PSS. However, it was considered that investigating the 
opportunities for design sustainable PSS in this kind of traditional product oriented industry 
could bring important insights to the research. For these reasons, it was decided to work with 
the leather industry. 
6.2.3 Current changes in the leather industry 
Apart from the reasons mentioned in the last section, there were other secondary motivations 
to work with the leather industry. These reasons are related to recent changes in the industry 
that require action from SMEs and other stakeholders if they want to survive and compete in 
national and international markets. There are two main changes in the industry; the radical 
decrease of commerce with Venezuela for diplomatic reasons since 2008; and an increase in 
the amount of skins exported to China over the last number of years (El Espectador, 2011). 
Venezuela was the major destination for Colombian exports for a long time for the footwear 
industry. However, since 2008 these exports have been dropping at an accelerated rate. 
According to Luis Florez, president of one of the industrial associations of the industry, the 
exports dropped from US$200 million a year before 2008 to US$17.6 million in 2010.  This 
change has meant that factories and distributors of any size have to look for other markets (El 
Espectador, 2011). SMEs in this industry have been strongly affected by this change, as they do 
not have the capacity to gain access to new markets by themselves. They have had to wait for 
large clients and distributors to find new countries to in which to develop markets and they are 
also competing with imported products from Panama, Brazil, and China. 
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The other change has been the rapid increase in the export of skins to China to be processed 
and transformed into leathers. This increase has meant that raw materials for the national 
factories, including SMEs, are becoming scarce and expensive. Large amounts of leather is now 
imported from China after the processing of the skins, with high prices making the national 
industry less profitable (El Espectador, 2011). This, along with stronger environmental laws for 
national tanneries, has resulted in a decrease in the amount of leather produced. It is harder 
for SMEs to find good quality leather at reasonable prices. Facing this problem, SMEs have 
been forced to be more efficient and have more control over the design and production 
process. This challenge could be very positive in the long term but in the short term can put a 
lot of SMEs out of the market. 
Due to these current challenges for the leather industry, and particularly for the SMEs of the 
industry, it was considered appropriate to work with this industry during the research. 
Pressures such as the ones mentioned above can be an opportunity to redefine the business 
strategy of some of these SMEs and a motivation to find more sustainable approaches to 
footwear production. 
6.3 Building understanding for the case study 
The interviews with the 16 SMEs were used to collect data to build the case study and to 
understand the design process followed by these firms. After the interviews were completed, 
they were transcribed in order to conduct a qualitative analysis following a template analysis 
approach (see Chapter 3). During the transcription process, a first set of impressions and 
conclusions was compiled and this is presented in this section as an introduction to the SMEs, 
their design practices, and business dynamics. The SMEs interviewed were all part of the 
leather industry, mainly footwear factories, with a range of five to 30 employees. Ten of them 
were located in Bucaramanga, a medium-sized city in the north of Colombia, and the other six 
were located in Bogota, the capital city. Table 6-2 shows some of the main features of the 
SMEs involved in the case study. 
In general, they are all companies that were built around their products rather than a business 
strategy. This relates to how these companies perceive market opportunities and topics such 
as use of technology or service development. This lack of business strategy will be discussed in 
depth later because of its importance in the context of sustainable business development.  
In terms of design, few SMEs described their design as a process. The majority recognised 
some activities related to defining the appearance of the products, but without a clear 
understanding of design as part of the production process. This attitude is aligned with the 
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analysis presented by Moultrie et al. (2007) where design in SMEs are often executed by 
people who have not been trained as designers, usually production engineers that locate 
design activities into the production process. 
 
 
 
Type of company Industry Interviews 
ID Company 
Number of 
employees 
Classification 
Main 
product 
Person interviewed 
1 Company A 15 Small Footwear Owner 
2 Company B 30 Small Footwear Owner 
3 Company C 20 Small Footwear Owner 
4 Company D 25 Small Footwear General Manager 
5 Company E 20 Small Footwear Owner 
6 Company F 40 Small Footwear Owner 
7 Company G 19 Small Footwear Owner 
8 Company H 50 Small Footwear Owner 
9 Company I 25 
 
Small Footwear Manager Assistant 
10 Company J 21 Small Footwear General Manager 
11 Company K 9 Micro Accessories Owner 
12 Company L 20 
 
Small Footwear Owner 
13 Company M <10 Micro Clothes Owner 
14 Company N 15 
 
Small Footwear Owner 
15 Company O <10 Micro Footwear Owner 
16 Company P 15 
 
Small Footwear Owner 
Table 6-2: Main features of the SMEs involved in the study 
In general terms, the design process followed by all the SMEs interviewed is very similar. This 
generic process is presented in Figure 6-3. The process starts by looking for ideas to design a 
collection. This search mainly happens through Internet research, looking for products (shoes) 
from other companies in other countries (specific countries mentioned were Italy, Brazil and 
the United States). Few companies mentioned complementing this search by looking for initial 
ideas in other sources such as magazines or using suppliers’ advice and sales feedback. 
The main output at this stage of the process for the majority of the companies is photos with 
small modifications to accessories, clasps and heels, but keeping a large proportion of the initial 
design. Just three companies described this first stage as doing drawings and sketches of the 
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product design from original ideas. These photos or sketches are delivered to an external 
party, generally one person who creates the models. Just two firms undertook the modelling 
process themselves. This stage of the design process consists of translating the images of the 
product into a model that will be the basis for cutting and sewing the final product. This 
modelling is an iterative process between the person in charge of design in the SMEs and the 
model maker. 
 
 
Figure 6-3: General design process of footwear SMEs in Colombia 
The output at the modelling stage is a soft model in cardboard that is then copied onto metal 
sheets. This activity is done within the SMEs and it is considered part of the modelling process. 
The hard model (metal) is then used to cut the pieces of what will be the final shoe. At this 
stage, colours and combinations of materials are selected to produce the samples. These 
decisions are the last ones taken about the design of the product until the commercial fairs, 
where the samples are assessed by clients and can be accepted without changes, accepted 
with modifications that require the fabrication of new samples, or rejected. On average, each 
of the SMEs interviewed designs 30 different models for each commercial fair. Using two or 
three different colours and combinations they present approximately 120 to 140 samples at 
the fair. In general, all the SMEs work under the same process and their schedule is very much 
determined by the development of the commercial fairs in the country. The dynamic for one 
year of work for these SMEs is presented in Figure 6-4. 
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Figure 6-4: Design and production dynamic of footwear SMEs in Colombia 
With the transcriptions of the 16 semi-structured interviews done with the Colombian SMEs 
from the Leather Manufacturing Industry a coding and clustering process was carried out 
following the methodology described in chapter 3. In this process a set of 58 sub-themes and 
then 6 major themes to explain the findings from the fieldwork emerged. Complementary 
information about this coding and clustering process, a complete list of the sub-themes and 
themes that emerged from the coding and clustering process are presented in Appendix H. 
Finally, a full transcription of one of the 16 semi-structured interviews with the Colombian 
SMEs is presented in Appendix I.   
6.4 Developing the themes 
Developing themes was a process of making connections between the main ideas found 
during the research, in this case during the case study. Narratives around six main conceptual 
groups that emerged during the coding and clustering process explain these connections. The 
six major themes built in this process of analysis are presented in the next sections. 
6.4.1 Role of design 
Design is not clearly defined in the SMEs, however the importance of “investing in design” to 
survive in a very competitive market is recognised. Design is, in general, considered to be 
either a set of static parameters of the final product or a group of activities, which are part of 
the production process, but not as a process itself able to create value for the SMEs and for 
the clients. 
“There are many things to take care of in order that a shoe is truly a success, that it 
pleases, it is necessary to invest in design […] not to do a shoe just for doing it, it is 
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necessary to put design in it, seams, things that make the shoe attractive to people.” 
Owner Company A 
Design is associated with fulfilling a series of requirements to ensure the commercial success of 
the product. Design seems to be a checklist of static characteristics in the final product. The 
elements in this checklist are mainly generic criteria in accordance with fashion trends such as 
materials, colours, or accessories. Design is also explained as a series of manual activities that 
are done to produce the cardboard models that are needed to produce the shoes. But these 
activities appear disconnected from other processes and are not described as part of the 
businesses assets.  
However this vision of design seems to be more a problem of definition and capacity to 
formalise and connect ideas, than lack of the competence. Different SMEs mentioned elements 
in their products and companies that represent differentiation and a greater chance to be 
successful in the market that were related to value created by their design process. For 
example, one SME has been building a fashion trend for many years, designing and including 
well-appreciated accessories that are added manually into the shoes. Another example is a 
SME with a strong brand, built around the consistent use of good materials and long-lasting 
classic designs. However, in both of these companies these competitive advantages were not 
mentioned in connection with their design process. This difficulty of understanding design as a 
process creator of value is not just related to design, it is a deeper problem related to the lack 
of a business strategy in the majority of the SMEs. 
“Then, what has been our ideal? We put many accessories, […], in leather to make a 
difference. If it is a normal shoe everyone will copy it, they will give it a different price. 
Instead, you want to be the difference, if they copy they will have to try harder or they 
wont be able to copy, because all the accessories are done manually.” Owner 
Company F 
 
6.4.1.1 Similar design process, different results 
It is interesting that in almost all the SMEs involved in the study, the design process is very 
similar (see Figure 6-3), but the criteria for design is very different. While for one group of 
SMEs the design criteria are basically costs of production and fashion trends, for others there 
are costs and fashion trends but also characteristics such as quality, durability, good finishing, 
and comfort.  
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There seems to be a correlation between the design criteria and the number of collections 
produced per year to survive in a very competitive market. SMEs who design based only on 
costs and fashion trends reported that they have to produce between three and four 
collections a year. Whereas SMEs that considered more attributes as design criteria in general, 
produce just two collections. This correlation is important because the number of collections 
has a direct relation to the profitability of the SME. If the SME produces just two successful 
collections a year, it means that its production is more stable throughout the year, their 
employees have stable positions and the costs of production are lower. Additionally two 
collections demand fewer resources than three or four. 
“Since I started I only produce two collections, one for the first semester and one for 
the second semester because the sales that I made cover the expectations.” Owner 
Company A 
“Because of the price war, you are making samples all the time. It is not just one 
sample for the first semester, or the first samples for the first semester. You go to sale 
in the fairs and then become the price war. Therefore my husband has to make other 
styles for certain clients.” Owner Company O 
In all the cases, the similarity of the design process is not only in terms of the activities done to 
design a new model, but also in terms of the dynamic of the process. With one exception, all 
SMEs design in an iterative process between the owner or general manager of the SME and 
external model makers. The process starts in the SME based on previous models from other 
countries and ideas, from magazines, news and the local market. The owner or general 
manager produces a first sketch or prints a photo of the desired model. This photo or sketch 
is then sent to the model makers to produce a cardboard model. During that process, owners 
and model makers meet on different occasions to discuss the model and to add new features. 
This relationship between the SMEs and the model makers was described in terms of honesty, 
long time working together, and exclusivity. It seems to be an efficient relationship. However, 
in some cases the design process done by the model makers was not clearly described by the 
SMEs. In these cases, design relied more on the model makers than the SMEs, leaving these 
companies in a difficult position when trying to create value through design. In these SMEs, 
design is seen as a static feature in the final product. 
“No, it is done by the model maker [the design of the shoes], we say to the model 
maker take off this, put that, maybe this accessory is better smaller or bigger, or the 
strap thinner. Then, you say, you give him the photo […] in order that he makes it 
[the cardboard model] as it should be.” Owner Company C 
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6.4.1.2 Manual process design 
The whole design process is done manually. The main reason for this is the experience of 
model makers, despite the fact that opportunities are lost by not using technologies to support 
the process. In some SMEs manual designing was described as an advantage as the intention is 
to produce distinctive features on the product (also manually) to achieve originality and also to 
avoid being copied.  
In terms of innovation in the design process, SMEs are trend followers rather than trendsetters. 
SMEs design their models based on models already on the market in other countries. The 
perception is that countries such as Italy, France, Brazil, and United States are the ones who 
define the fashion trends. Successful models in these countries are then copied and adapted to 
local colours and trends and with few modifications launched in the local market. This 
procedure leaves very little room for innovation. This behaviour is supported in part because 
SMEs do not have the chance to try risky ideas. They do not have the financial capital to take 
risks and produce totally new models when their competitors are working with models already 
proven to be successful in other markets. It is a circle between SMEs, distributors, and final 
consumers.  
 
“Well, the process [design process] is: we access the Internet, we search websites or 
designers, we look at the styles. We make some changes then the shoes will be not 
the same, because there are many people that copy just as it is in the websites.” 
Owner Company C  
However the SMEs who mentioned just producing two collections a year with a better defined 
design process and design criteria are also the companies with more original products. In terms 
of advice received for the design process, only one SME mentioned working with an industrial 
association in a “concepts workshop”. It seems be part of the support program of the industrial 
associations but with very limited dissemination. 
6.4.2 Sustainability in SMEs 
In general, SMEs are not aware of what sustainable operations mean and what the implications 
are for them as a company to develop sustainable practices or develop their business strategy 
as a sustainable business. They reported to have heard about sustainability but only as 
comments in the news that do not have anything to do with them. They recognize, in general, 
that the government is putting some pressure on other stakeholders in the supply chain to be 
less polluting, specifically in tanneries. However, even if that pressure represents a big risk for 
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SMEs in terms of future supply, only one company was concerned about the possible impact 
of that situation on its own operation. The same company described the pressure of the 
government as unbalanced and going against the tanneries without agreeing to a plan of action. 
According to this SME, this government behaviour will result in the closure of many tanneries 
in the future, putting the industry at risk. In some way the government is seen as an enemy of 
the industry and not an ally. 
This lack of awareness about sustainability is also connected with a general passive attitude 
towards the topic. The answers to questions the SMEs were asked about projects related to 
developing sustainable practices in areas such as resource efficiency, environmental 
management or materials, suggest that they are open to the topic but they have not taken any 
action. It is mainly because no distributor, seller, supplier, or government agency has 
approached them about developing sustainable practices. However, it was also recognized that 
there was a lack of knowledge and training in this field. This could be, in part, a justification for 
that passive attitude when taking into account other weaknesses of the SMEs, such as difficulty 
accessing financial capital, professional personnel, and technologies.  
“Well, I have heard in this moment related to that different types of glues that are 
looking to be environmentally friendly, no. I have heard but the information has not 
arrived to me, I just have heard but none supplier have told us - I have this product 
that is ecological.” Owner Company B 
 
6.4.2.1 SMEs need allies to engage in sustainability 
During the interviews there were just two exceptions regarding the development of actions in 
areas associated with developing sustainable practices. One SME mentioned to have begun 
using environmentally friendly glues suggested by one of its suppliers. This help came in the 
form of the supply of the new material and also in training on how to use it efficiently. The 
other exception was a SME participating in a social program developed by the local 
government to help single mothers and retired members of criminal groups to be trained to 
improve their chance to get a job. These exceptions suggest the necessity to offer alliances to 
the SMEs in order to engage and provide them with the tools to develop actions of sustainable 
thinking and practice. 
This last point is also connection to the perception that SMEs have about how expensive it is 
to develop sustainable operations. Some of the answers given to explain why they are not 
engaged in projects related to sustainable operations were associated with the lack of 
economical resources to do it. However, and despite that, some of the developments needed 
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to support a transformation toward sustainable practices could be expensive; in this case it 
seems to be more of an uninformed answer rather than a supported fact. It seems that SMEs 
perceived it as expensive to engage in this kind of project but they have not really researched 
the topic to have real figures. This is important because the concepts of sustainable PSS could 
represent more savings than costs for a SME in areas such as resource efficiency and supply 
management. 
“So, what we are doing currently is try to remain, to remain and it is very difficult that 
one company that is more or less established can think in develop models of cleaner 
production and all of that.” General Manager Company J 
One possible barrier to moving SMEs in such a traditional industry toward sustainable PSS is 
their strong product orientation. In general, these SMEs have been built around their products 
and they do not offer any service associated with those products. Moreover, they do not see 
possibilities for developing services on an individual or even in a collective basis.  
6.4.2.2 Clients are not interested in sustainability 
SMEs believe clients don’t consider attributes such as ethics, source of materials, sustainability, 
or corporate social responsibility as important purchase criteria, at least not in the national 
market. Some of the SMEs perceive that the interest in sustainable operations should be only a 
matter for companies who want to export and do business overseas, because it’s only in 
international markets that these social and environmental aspects are purchase criteria. This 
reflects a lack of interest in the industry in these aspects even if the majority of the SMEs’ 
clients are medium and large sellers and distributors that are often more exposed to these 
concepts. This lack of interest is also reflected in the back stream of the supply chain. 
Producers of raw materials and supplies seem not to be aware of their environmental and 
social impacts. It is very hard to define the final impact of the shoes because of a lack of precise 
information about materials and supplies. One SME particularly reported difficulties giving 
support to its products because of a lack of information about the materials used for their 
fabrication. 
“A national level no, but an international level you know that you have to change, I 
mean they [international markets] have technical norms and they require the use of 
biodegradable products.” General Manager Company D 
“No, just that comment, for the client the only interesting is that you sell to them 
beautiful things and that hopefully you will not increase the price, that you maintain 
the prices from the first and second semester, but nothing else.” Owner Company C 
 161 
If SMEs believe their clients are only interested in price and beauty, and other stakeholders are 
not interested in social and environmental aspects it will be difficult to generate an 
organisational transformation in these SMEs towards sustainable PSS. 
6.4.3 Use of technology 
All the SMEs in the case study were previously involved in a technology adoption project. This 
project was a government initiative to introduce the use of ICT in SMEs towards a more 
competitive industry. All the SMEs referred to the ICT project in terms of benefits and said it 
was a positive experience. The reasons they decided to participate in this project were mainly 
divided into two groups. The first group was definitely motivated by the operational 
improvements that they could gain using ICT. They mentioned for example, more fluent 
communication with clients and suppliers, easy access to information (web browsing) and 
more efficient processes to show their new products and collections.  
“The motivation is to acquire knowledge and especially in informatics and use of 
computers and now as everything is done through the system, businesses almost too. 
Then you have to be updating and that was the part that encouraged us to 
participate.” General Manager Company D 
The other group mentioned more inspirational motivations. They were involved in the project 
because they wanted to learn new things and they wanted to know other people in the 
industry. Moreover, the use of technology made some of them, particularly two micro-
enterprises, feel like proper companies.  
Despite the positive comments about the project, the majority of the SMEs, after two years of 
being involved in the project, were not using some of the technology introduced. This lack of 
continuity seems to be related to the fact that some technologies introduced were not 
connected with the real needs of the SMEs. They were already using a similar technology or 
the technology did not adapt properly to the business dynamic and processes. For example, in 
terms of mobile communication, the project introduced a new supplier with different devices 
to the ones that the SMEs were using. They used the new devices for the duration of the 
project, but after the initial contract ended none of the SMEs extended it. The main reason 
was that they already had another contract with other suppliers with better commercial 
conditions and also because changing their mobile number meant losing contact with existing 
clients and suppliers. 
“We do not use too much the Avantel [mobile communication device] because we 
have our mobile phones with our plans with another supplier, then for us it was not of 
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much utility the Avantel to be true. It was used at the moment that they gave us the 
plan. I used mainly to communicate with the people of ASOINDUCALS [industrial 
association] and with the other companies to make the arrangements for the 
meetings.” Owner’s daughter Company F  
Another example is a simplified version of an ERP (Enterprise Resource Planning) software 
introduced to the SMEs in Bogota. In this case, the SMEs reported problems using the software 
because of its complexity and lack of flexibility to manage their production processes. The 
leather industry, and particularly the fabrication of footwear in terms of inventory management 
and accountability of materials used, is a complex process. SMEs did not have the standards 
and measures to feed the software and after couple of months trying the majority abandoned 
the software.  
Additionally, apart from leaving some of the technology suggested to them, these SMEs did not 
adopt any new technology. Analysing their comments it seems that the main barriers are costs, 
lack of knowledge about opportunities to use new technology and time to engage in a project 
of technology adoption. In general, these SMEs are in a very basic stage of ICT adoption, using 
mainly email, web browsing, and office software to establish commercial communications with 
clients and suppliers or execute administrative tasks. These technologies have been replacing 
the use of phone calls, personal visits, and manual books but with little penetration in other 
processes such as design, production, or marketing. However, even if the ICT used are very 
basic, SMEs describe the use of technology as a big and positive transformation. 
“Well, to be honest about technology we only use email. We do not have website, we 
have not implemented other systems, just email.”. Owner Company B 
 
6.4.3.1 SMEs do not integrate ICT with other areas such as design 
In terms of the relationship between use of ICT and the design process the majority of the 
SMEs give just one use to the technology that they have. It is web browsing for concepts, 
models, and fashion trends at the beginning of the design process. Usually the owners of the 
SMEs, the ones in charge of the design process, start the design of a new model by looking for 
products in other countries. Before they had computers and access to the Internet this search 
was usually done by visiting shops with imported products. Now that they have access to the 
Internet this search is more efficient but it reinforces the idea of them being followers of trends 
and not innovators. Searching for concepts like this could be viewed in a positive light and 
could be looked at in terms of benchmarking, it could be a way to evaluate their products and 
 163 
see how the international markets perform. However, it is negative when it limits the 
innovation capacity of these SMEs and don’t leave any room for a proper design process. 
Apart from this, no technology is used in the design process. There is, in general, a lack of 
awareness about the possible use of software, collaborative design platforms, simulation, rapid 
prototyping technologies, and other technological tools. Only two SMEs mentioned having 
used software to design but one of them used it sporadically and the other reported a 
negative experience. The SME with the bad experience recognized that the problem was not 
necessarily the software, but the lack of training. With a very tight schedule it was not possible 
for the owner of this SME to spend a long period of time learning how to use the software. 
Even if he took classes, the time and resources consumed using software to design make the 
process just impractical. Lack of knowledge and awareness and bad experiences has generated 
resistance against using technology in the design process. SMEs then passed that option of 
using of technology in the design process to the model makers. It is an evasive reaction to the 
difficulties presented that can affect their competence of design and also reduce their ability to 
control the design process. 
“Everything is done manually, I have something in Rhinoceros [CAD software] but the 
truth is that I did not adjust myself to that […] Not because it does not work, it is one 
of the best available, but not, manually, the point is nowadays we will spend much 
more time, there are many tricks that are done manually […] let’s say I can spend 
one hour designing a pair of shoes, one style, and there [in the computer] I can spend 
one week and I cannot finish.” Owner Company O 
 
6.4.3.2 Main areas of opportunity for using ICT 
In other uses of technology by the SMEs not related directly to design, virtualization is one area 
with a big potential to contribute to develop sustainable operations and to design sustainable 
PSS. Processes usually done in person or using physical resources, such as delivery of samples, 
visits to clients, and launching of catalogues, have been transformed into virtual or semi-virtual 
processes. For example, with the use of email and digital cameras is now common. SMEs send 
photos of their products when a client has questions about a model instead of sending physical 
samples and then having to collect them again. However, it does not mean that the sample is a 
digital sample. They keep using physical samples and then take photos of them. It is common 
not to produce any physical catalogues to promote their collections. It is now more common 
to produce a virtual catalogue, which is then put onto CDs or printed for their clients, 
achieving partial virtualization. 
 164 
“Currently the catalogue, I made it, but currently not anymore because it is a large 
investment and it is not justified because you can send them [clients] a CD […] You 
give people a CD and they have it all our collection. Instead and it is much more 
cheaper because you can make it yourself.” Owner Company A 
This virtualization has great potential to also change relationships between stakeholders. During 
the interviews, one example of this kind of change was found. One of the SMEs is now 
bringing a laptop to the commercial fairs, with their models in a virtual catalogue. This new idea 
supports their sales giving clients the opportunity to review previous collections, to compare 
the physical samples with the virtual ones, and suggest possible changes.  
In general this process of changing some processes to virtual operations and having digital 
registers of their models has made the SMEs more formal. Some of them mentioned that they 
did not know what models they had produced before the use of digital cameras and 
computers to save the photos. It is a positive change that contributes to better traceability of 
their products. However, some SMEs only registered successful models and therefore lost part 
of their design history. This lost history affects the organisational learning capacity and can 
contribute to the company committing similar mistakes, at least in terms of design. 
Finally, the use of websites and e-commerce platforms is very limited. The general perception 
of having a website is positive, but justified only by commercial purposes and in a very static 
perspective. The main use of having a website is to put information that the clients can search 
and use to contact them without major interactions through the capabilities of a website.  
“Well, it has not been large quantities, but it has been contacted some clients through 
it [website].” Owner Company P 
The opinions are more divided on e-commerce. Despite the fact that they think e-commerce 
could be a good idea to increase sales, many SMEs showed concerns about safety in the 
payment process. Also some had doubts about the technical reliability of the system, based 
mainly on a lack of knowledge about it. Finally the resources needed to run the platforms were 
also a concern expressed. 
“No, it does not [e-commerce]. Because it gives you distrust by all the things that it 
have happened, then no.” Owner Company C 
6.4.4 Business environment 
SMEs are in general very sensitive to changes in their business environment. This is mainly 
because of their limited financial capital and size. Small changes in tax legislation and in the 
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structure of prices in the supply chain can have a great impact on them. Even events such as 
floods, transport problems, or shortage of materials can have large negative effects on their 
operation. In some cases, these kinds of problems can even put some SMEs out of business. 
Additionally, in the leather industry SMEs reported three major problems in their business 
environment that have been affected them for years. 
The first one is a general dissatisfaction with the payment and commercial system under which 
they have to work. In this industry it is normal that a client places a large order with one of 
these SMEs without any payment in advance and after the products are delivered they have 60 
days to pay. SMEs believe this system is unfair and puts them in a very difficult situation. On 
the one hand, they have to find a large amount of capital to produce that order. In some cases 
this means losing business opportunities because of a lack of money to buy materials to start 
the production.  
On the other hand, because the clients pay on a long-terms basis, even if SMEs found the 
money to start production is very unlikely that they will receive the payment on time to be 
able to start the next one. It means that they cannot have a continuous production or work 
for various clients at the same time, reinforcing unstable workflows. 
“You aim to satisfy everyone, because you exist for it, to sell, and well the credits are 
useful, but when it is about to send the shoes the references are excellent, excellent, 
and later it happens that they start to delay the money, and it is very difficult because 
here you are paying all the time and then every week the payroll.” Owner Company H 
The second problem reported in their business environment is the high risk of being 
defrauded. Connected with the first problem, when a SME starts to produce products it is at 
their own risk and only supported by commercial references from the client. Some of the 
SMEs interviewed reported to have been defrauded by false clients. After the products were 
delivered the client disappeared without make the payment. However, this is not really related 
to fraud itself but rather to the lack of support from the industrial associations to prevent these 
incidents. Also, SMEs highlighted the lack of cooperation between SMEs to share opportune 
information that could prevent other factories falling into similar situations. 
Finally, the third problem is high levels of informality in the industry. SMEs complained about 
the rising number of informal companies that do not comply with all the requirements and 
regulations and therefore can produce and sell products cheaper, generating an unfair 
advantage in the industry. This problem is one of the reasons the industry is very price 
oriented. 
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6.4.4.1 Lack of strategy and training 
The lack of a business strategy was found to be a common weakness in the SMEs interviewed. 
Just a few companies mentioned having a direction for their businesses and even in these cases 
it was not formally stated, but was more of a general idea of good performance. Among the 
SMEs who did not have a business strategy, some said it was because of a lack of time to think 
about it. Others recognized that they did not know how to define a business strategy. This lack 
of business strategy is a reflection of short-term planning by entrepreneurs who generally have 
had no formal training in business management. 
Well, to be honest, we do not sit to design a plan for the future, but the goal is that 
things go very well, that everyday we can find better clients, that we can advance in 
terms of the factory and the machinery and clients, […] but the truth is that we don’t 
make projects because the market is very difficult, one year is good and then the next 
one shakes.” Owner Company H 
How to develop a business strategy was part of an area identified during the interviews in 
which SMEs need training. Other areas were design, sustainability, production, and use of 
technology. The area where the SMEs are most confident is commercialization. It is in this area 
that the majority of the owners interviewed have more experience and formal training. Also 
related to training, some owners highlighted the necessity to have support in training the 
employees of the factories. In this industry the work force is mainly composed of low-skilled 
personnel and for the owners of the SMEs relationships with the employees is not always easy. 
This is why some of them need support in training on humanities and leadership and not only 
in technical areas. 
“I think it [training] can be especially in education for the workers […] in the footwear 
industry work people with very low academic level without the opportunity to study or 
to make an specialization in something […] the majority of the personnel are from 
very low socio-economic level then the relationships are difficult. The people with 
higher education and knowledge make the relationships easier, and they will feel part 
of the company.” General Manager Company D 
 
6.4.4.2 Innovation 
The production of product collections is a dynamic part of the industry. The SMEs interviewed 
produce on average between 120 and 140 samples for one collection and they have between 
two and four collections each year. Some of the SMEs recognized that it is very important to 
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be able to produce different models in a short period of time because clients in the industry 
are becoming more demanding. However, they also recognize the difficulties in having to 
constantly change models, mainly due to the costs involved. 
“In previous times you can work with two styles almost everything, at most with 10 
styles the whole year. Currently, the market not…the market has evolve and you have 
to continually renovate if you do not then you go down and you will stay down.” Owner 
Company B 
Despite that, this constant demand for new models could appear to be an encouragement to 
innovate. But the reality is that the changes done are more variants of similar concepts not 
necessarily developed by the SMEs. In general, the production of a new collection does not 
demand profound changes in the way SMEs operate, in the use of new materials, innovative 
production processes, or development of different kind of products. Economic pressures 
reinforce this lack of innovation.  SMEs work on a daily basis trying to solve the immediate 
problems and by using their financial capital in short-term operations, have limited space to 
innovate. 
6.4.5 Stakeholders’ relationships 
The leather and footwear industry in Colombia is recognized as a large industry with 
companies from SMEs to large factories distributed across the country. According to the SMEs, 
it is a very competitive industry driven mainly by price. There is little cooperation between 
firms in terms of developing better practices or sharing production capacity to satisfy large 
demands made mainly by international markets.  
However between other stakeholders it is possible to see signs of a more dynamic 
cooperation. For example, SMEs highlighted three different forms of cooperation between 
themselves and their clients. First, they talk and share information about fashion trends, new 
concepts and use of materials. Second, SMEs receive small suggestions about changes in the 
models during the commercial fairs. Finally, in few cases, clients approach SMEs with their own 
models, to be produced by the SMEs. In general, the most common case of collaboration is 
the second one, while the first and the third options were mentioned by just a couple of 
companies. In any case, the collaboration does not have any structure. It is informal and 
sporadic and there is no technology involved in the process. 
Despite these examples of cooperation, the participation of clients in the design process is 
limited by the SMEs’ perceptions of it. Many SMEs expressed a strong opinion that the clients’ 
role does not include participation in the design process. It was, in part, also justified by the 
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number of products on offer in the industry. It seems clients do not have the necessity to 
participate in the design of models because they can find what they are looking for among the 
many SMEs offering products. Also related to this perception of the clients’ role, some SMEs 
don’t think their clients want to use technology to interact with them and do business 
together. This point arose when they were asked about the opportunity that the 
implementation of e-commerce platforms could represent. These reactions however were 
more perceptions than facts, acting as barriers to motivate a better collaboration between 
SMEs and clients.   
“No, we have not gone that far. But as I said it is necessary to look the potential 
clients, and the potential clients do not use that means [e-commerce platforms].” 
Owner Company G 
 
6.4.5.1 Commercial fairs more than sales 
Industrial associations are recognized as an important stakeholder in the industry. Their main 
function is to organise commercial fairs during the year as a point of contact between 
producers and clients. It is at these fairs that samples produced by the SMEs are evaluated by 
the clients and auto evaluated by the SMEs. Clients and factories exchange opinions and do 
business at these commercial fairs. It is because of these commercial fairs that the industry is 
seasonal. The production schedule of the SMEs is linked to the fairs, with direct implications on 
the flow of employment. Some times in the year there is oversupply of personnel and at other 
times, a lack of people to work in the factories. Also this seasonal schedule produces 
alterations in the use of the capacity installed in the factories, not always making them efficient. 
“After mother’s day the sales decline, you know that if you do not have clients that 
maintains you, for example clients by catalogue, then you died there. You have to wait 
and decrease the levels of production, decrease everything, then you are in danger 
because the employees leave to other places where there is work. Then you must try 
to maintain work, a constant work for the employee.” Owner Company B 
One negative aspect of the commercial fairs mentioned by the SMEs was the large affluence of 
factories and sellers with national and imported products, mainly from Brazil, China, and 
Panama. It makes commercial fairs very competitive and not all the SMEs can sell their models. 
This has a large negative economic impact on the investment required to participate in the fair 
and the lack of work after it. However, it is very important for SMEs to participate in the fairs, 
not only for the sales but also to make their presence in the industry known and show they 
are a serious business. 
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“Well, at least we participate in both [commercial fairs], the one in Bucaramanga and 
the one in Bogota. Very good contacts are done, you can meet good clients and there 
are good orders. Then for us it is important the fair because it has given us a good 
result, a good result.” Owner Company F 
Apart from the organisation of the commercial fairs, associations are also responsible for 
training and leading knowledge transfer projects in the industry. However, from the interviews 
it was evident that there is a general discontent among the SMEs with the associations’ work. 
SMEs think the associations are not very transparent in the management of the mechanisms of 
support given to the SMEs. They also feel there is not enough help in areas such as technical 
assistance, commercial safety, and commercialization conditions. 
6.4.5.2 Influential stakeholders 
In general clients and supplies in the industry are local, with the exception of some 
consumables such as glues that are imported. However, for the SMEs everything comes from 
national distributors. Suppliers play a very important role in the industry as diffusers of 
innovations in terms of materials, production processes, and also concepts such as the 
introduction of ecological glues, which was taking place at the time of these interviews. 
Another important stakeholder in the industry is the model makers. These professionals, with 
some training in design or a lot of experience in the industry, are recognized as the designers 
of the industry. They work with the SMEs to develop the models needed to produce samples 
for the commercial fairs and to produce the final shoes. Their work is mainly manual, using 
pantographs and rulers to produce the models in cardboard. The design process depends 
heavily on these model makers and in some cases the SMEs do not have control over the 
design process and only receive a copy of the final models to produce. They are an influential 
actor in the industry for the future introduction of technology that could impact the design 
process. 
Finally, there are the production satellites. These are informal workshops located at home 
where a group of workers meet to undertake some specific production task that does not 
require the factory. The work for these production satellites is given by the SMEs, especially in 
high moments of demand where the production capacity installed is not enough and they have 
to subcontract an external production force. There is some controversy about these 
production satellites because they could encourage informality, but they are also an important 
source of employment. 
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“In the factory we have approximately 20 [employees] and in satellites, we give tasks 
for home. There are many people working from outside, all the manual work. Women 
are very good at that kind of work at home, at the same time they can take care of 
their children, take care of their home and they are working.” Owner Company H 
6.4.6 Tradition and business dynamic 
Some characteristics of the industry could act as barriers to producing an organisational 
transformation. For example, SMEs mentioned that some supplies used during the production 
process were imported, but they also recognized that they did not know exactly where the 
materials came from. This lack of traceability of materials has implications later. A lack of 
technical information about the final products makes difficult to sell them, especially in 
international markets.  
“The material is changed regularly every six months, because the ones to work for the 
first semester arrive at the end of January beginning of February […] many materials 
are Chinese, imported materials, other are national. To me everything is provided here, 
I don’t know where they come from, but to me all is provided here.”, Owner Company 
H 
Related to this lack of traceability, none of the SMEs involved in the study has a product, 
service, or system certification. One of the SMEs mentioned a lack of technical bodies in the 
industry able to produce technical tests such as resistance, deformation, durability or issue a 
product certification. All these problems of available information, technical capacity, and 
institutional support have a negative influence on the competitiveness of the SMEs and doesn’t 
help to generate collaboration between stakeholders in the industry. 
6.4.6.1 High resource demanding traditional industry 
The traditional dynamic of the industry makes it very resource demanding. The idea of working 
based on samples demands a lot of resources such as materials, energy, and time to produce 
the samples and to present them at commercial fairs. Some of these resources are lost when 
only a small proportion of the samples produced are successfully sold in the fairs. Additionally, 
there is, in general, more offer than demand in the industry with a large number of small 
factories producing for the same clients. Even if producing samples is recognized by the SMEs 
as expensive, it is the only way they can approach clients and sell the models to be produced 
later in larger scales. This dynamic reinforces the idea that this is a very product-oriented 
industry, highly competitive and day-by-day less sustainable. Some of the SMEs interviewed said 
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they produced four collections a year, with an average of 120 samples per collection but only 
sell between 5% and 10% of these models during the commercial fairs. 
“Then, we produce for one fair more or less 30 styles in different colours, for each style 
we work with maximum three colours, so they are 90 to 100 samples. From those 
samples sometimes they are sold between 10 to 12 styles, eight styles, the rest ends 
there.” General Manager Company D 
Finally, the characteristics that make the industry very product oriented are also supported by 
the fact that the clients prefer to touch the materials and see physical samples. This could go 
against concepts such as virtualization, e-commerce, e-buying, or the use of technology in the 
design process, which can be more sustainable options to satisfy similar needs in the 
commercialization process. 
6.4.6.2 Other aspects influencing organisational change 
According to the information collected during the interviews, it seems that there is a 
correlation how well the SMEs are structured in terms of objectives, relationships with clients, 
design, and general administration and the number of collections produced in one year. The 
SMEs that are better organised produce fewer collections than the ones less organised who 
said it is difficult to produce three or more collections a year to satisfy their clients. SMEs that 
were better structured also mentioned passing the business on to the next generation as part 
of their organisational objectives. 
In terms of attitude about initiating an organisational transformation, the SMEs were divided 
into two groups. The first one showed an active attitude towards trying new concepts and 
exploring areas such as sustainable business development and advance use of technology in 
the design process. The second group showed a more passive attitude to the possibility of 
change. They were happier waiting for external parties to come to them and help them to 
make changes rather than take the initiative themselves. In both cases, suppliers seem to be 
the third party with a big influence on the SMEs. 
“All are essential to keep growing [areas to receive support], management, design, 
design for us is fundamental, for us design is essential.” Owner Company E 
Finally, the heterogeneity between the SMEs involved in the case study in terms of 
organisation, awareness about sustainable development, use of technology, and attitude to 
change has to be taken into account in a possible transformation towards sustainable PSS.  
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6.5 Designing sustainable PSS involving SMEs 
In Chapter 4 the analysis of the scoping study gave the research valuable insights into how to 
address the topics involved in the approach proposed. In Chapter 5 the development of the 
four generic types of sustainable PSS based on the integration between design and ICT 
contributed to the knowledge about sustainable PSS, how these systems can be characterized 
by a set of factors related to that relationship between design and ICT, and it gave the basis to 
design sustainable PSS bringing together individual areas of opportunity from design and ICT. 
Finally, the analysis of the main study, the description of the different themes and subjects that 
were emerging from that analysis, and the narratives developed to explain the relationships 
between those subjects completed almost all the elements needed to answer the questions 
proposed at the beginning of the research. 
The principal findings from the case study as a main study of the research can be divided in 
three groups according to their contribution in answering those research questions and to 
achieving the aim proposed. These three groups are: 
− Definition of the contributions that the integration between design and ICT can 
bring to the design of sustainable PSS. 
− Identification of relevant aspects to explore in a SME willing to design a 
sustainable PSS based on the integration between design and ICT. 
− Explanation of the ideal conditions under which it is more likely to design a 
sustainable PSS based on the integration between design and ICT involving 
SMEs. 
These three major findings from the case study are the backbone to defining new ways to 
design sustainable PSS involving SMEs. However, a procedure that takes these elements and 
put them together in a structured way as a platform to design sustainable PSS is still needed. 
The necessity to do this will be explained in the conclusions of the chapter. 
6.5.1 Contributions from the integration between design and ICT to the design of 
sustainable PSS 
Chapter 5 identified one contribution from the integration between design and ICT to the 
design of sustainable PSS bringing together individual areas of opportunity from these two 
areas (design and ICT) and putting them in the context of a PSS. Additionally, during the 
analysis of the case study another two contributions from this integration to the design of 
sustainable PSS were identified. First, the ability of the integration to outline the space of 
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exploration to design a sustainable PSS, second, the capacity of the integration to reorient the 
business strategy of the SMEs. These three contributions are fundamental to answer the 
research questions proposed and very important for understanding how it could be possible to 
design sustainable PSS involving SMEs. In the next sections these contributions are explained in 
detail. 
6.5.1.1 Outline the space of exploration 
The integration between design and ICT can outline the space of exploration looking for 
barriers, difficulties, drivers, and opportunities to design sustainable PSS involving SMEs. There 
are many variables involved in designing a sustainable PSS and there are a lot of possible places 
to start the design of the system. There are even more options according to the type of 
company that wants to develop the system, the industry that this company belongs to, and the 
type of clients, suppliers, and markets. 
In that sense, the integration between design and ICT can outline that space of exploration 
focusing just on the aspects related to that integration. It means describing the situation of the 
SMEs in terms of their design and use of ICT, to evaluate the current offer of the SMEs in 
terms of design and ICT, and finally to propose the design of a sustainable PSS in relation of 
the role that design and ICT can play in the system. To do this, it is necessary to define what 
the aspects are that should be explored in these areas to describe the situation of the SMEs, 
evaluate its offers, and establish a connection with one of the four generic types of sustainable 
PSS presented in Chapter 5. The aspects that should be explored were identified during the 
case study and are presented in the section 6.7.2. However a procedure is still needed to carry 
out the description, evaluation, and to establish the connection mentioned. 
6.5.1.2 Define areas of opportunity 
Bringing together the areas of opportunity that design and ICT can offer to develop sustainable 
business and putting them into the context of sustainable PSS is one of the contributions from 
the integration between design and ICT to the design of sustainable PSS. It means recognizing 
that the individual areas of opportunity from these two areas can be joined together to 
influence the design of sustainable products, services, and the infrastructure needed to build 
the PSS. Also, it means considering the individual areas of opportunity as guidance and a 
source of inspiration to design a sustainable PSS using as a reference the four generic types of 
sustainable PSS developed in Chapter 5. 
However, during the analysis of the case study it was identified that there are also areas of 
opportunity that emerge from the integration between design and ICT and they are not just 
individual opportunities put together. These emerging opportunities from the integration 
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between design and ICT where identified by studying the role of design and ICT in the 
manufacturing SMEs in the leather industry and analysing disconnection problems and 
weaknesses of the SMEs in these two areas. Finally, two major areas where these opportunities 
can emerge were identified: first, the possibility to integrate different stakeholders into the 
design process using ICT and encouraging collaborative design and feedback loops. Second, 
building networks of SMEs that together can produce the offer of the system. These two 
major areas of collective opportunities that appear when design and ICT are integrated 
enhance the possibilities to design sustainable PSS on an individual and an industry basis and 
make some of the individual areas of opportunity identified in Chapter 5 more plausible. 
6.5.1.3 Reorient the business strategy 
Describing the situation of a SME in terms of the integration between design and ICT, 
evaluating its current offer in the same terms and exploring how to change that current offer 
towards a sustainable PSS based on that integration forces a transformation of the business 
strategy of this SME. Basically, build a totally new offer based on this integration introduces into 
the strategy of the company the role that design and ICT can play to create internal and 
external value. Moreover, it changes how SMEs are founded around their products and 
services and not around a strategy, as it should be. If the business strategy is built around 
design and ICT as creators of value, SMEs can have more flexible offers that change according 
to the market, using the integration between design and ICT as a platform that remains current 
with different possible configurations. 
6.5.2 Relevant aspects to explore in the SMEs 
One major finding from the analysis of the 36 PSS in Chapter 5 was to put the design of 
sustainable PSS in terms of the integration between design and ICT. In order to achieve the 
aim proposed in Chapter 1 and build an understanding of how to design sustainable PSS 
involving SMEs it is fundamental to express the conditions of those SMEs also in terms of that 
integration. It means exploring the situation of the SMEs and describing their current offers in 
terms of design, ICT, sustainability and other business factors that are relevant to design 
sustainable PSS based on the integration proposed. The analysis of the case study with the 
leather manufacturing industry was particularly important to define relevant aspects in each of 
these areas that should be included in an exploration of a SME and to identify drivers and 
barriers to design a sustainable PSS. 
The drivers identified for the SMEs to move towards sustainable PSS were mainly economic. 
The possibility to open new markets, increase sales, improve communication with clients, 
reduce costs of operation, and compete with offers from other factories were the most 
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common reasons SMEs gave to consider a transformation. In contrast the barriers identified to 
design sustainable PSS were mainly related to organisational weaknesses in the SMEs. The 
barriers identified were lack of knowledge and awareness of sustainability, lack of a business 
strategy, misunderstanding of the PSS concept, undervalued and unclear design practices, 
disarticulated use of ICT, and lack of collaboration between stakeholders.   
Both internal and external aspects were identified that should be explored in the SMEs to 
design sustainable PSS. In all cases these aspects are very important to connect the situation of 
the SMEs with the four generic types of sustainable PSS as guidance to identifying opportunities 
and design potential sustainable PSS under the current situation of the SMEs. The aspects in 
each of the areas that are part of the research approach are: 
Design 
§ Definition of design  
§ Criteria used to design 
§ Internal and external activities in the design process 
§ Stakeholders involved in the design process 
§ Levels of innovation in the design process 
§ The role of design in the business strategy 
§ Support to design in the industry 
§ The balance between manual practices and use of technology in the design process 
ICT 
§ Type of ICT used  
§ Level of presence online 
§ Perception and use of e-commerce 
§ Motivations to adopt and use ICT 
§ Level of support in the industry for the adoption and use of ICT 
§ Barriers and difficulties to adopt and use ICT 
§ Role of ICT in the business strategy 
§ ICT used in the design process 
Sustainability 
§ Awareness of sustainability 
§ Knowledge of the product life cycle 
§ Influential stakeholders regarding sustainable practices and projects 
§ Evidence of connection between sustainability and use of ICT 
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§ Attitude of the company facing the topic 
§ Projects carried out in the area by the company 
§ Support from the industry in this area 
§ Evidence of a connection between sustainability and the design process 
§ Integration of sustainability in the business strategy 
Business environment 
§ Type of clients of the company 
§ Type of suppliers 
§ Level of traceability over the products and services offered 
§ Product and process certifications 
§ Declaration of a business strategy 
§ Importance of innovation in the SME 
§ Main difficulties faced by the SME 
§ Role of industrial associations 
§ Relationships between stakeholders 
§ Importance of innovation in the industry 
§ Characteristics of the industry in terms of competence, collaboration, and formality 
6.5.3 Ideal conditions to design a sustainable PSS involving SMEs 
Part of the aim proposed in Chapter 1 is related to establishing the conditions under which it is 
more likely to design sustainable PSS following the approach proposed and involving SMEs. In 
the literature review and later during the research general barriers and difficulties to develop a 
PSS were identified, despite the fact that any process of development of a PSS is unique and 
linked to the situation of the company where it is developed. This possibility to define general 
barriers and difficulties, as well as drivers, is the basis to define general ideal conditions under 
which a SME has more chances to design a sustainable PSS. However, these conditions are 
related to designing sustainable PSS following the approach proposed. It means that these 
conditions are expressed principally in terms of the role of design and ICT in the SMEs and 
their knowledge and awareness of sustainability. 
The fact that the ideal conditions are expressed in terms of the areas involved in the research 
approach has two connotations. First, it facilitates an evaluation of how far or close the SMEs 
are to be in a good position to design a sustainable PSS based on the integration between 
design and ICT. Second, it contributes to establish which of the four generic types of 
sustainable PSS developed in Chapter 5 is more suitable for a particular SME. Knowing that 
one SME is closer to ideal conditions in the area of design suggest that a design-based 
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sustainable PSS can be more appropriate for that SME than an ICT based system. However, 
these connections are just a guide and they do not depend only of how close or far the SMEs 
are from the ideal conditions. Desire and the capacity to take risks also influence the type of 
sustainable PSS that a SME would like to engage with. However, the ideal conditions are a 
valuable guide. 
The ideal conditions to design a sustainable PSS based on the integration between design and 
ICT in terms of the areas involved in the research approach are: 
In terms of design 
§ SMEs where the design process is articulated into the business strategy and there is already an 
orientation towards offers that mix products and services to satisfy consumers’ needs.  
§ A flexible design process with room for the participation of internal and external stakeholders. 
§ A design process that favours innovation, creativity, and rapid response to market changes. 
§ A design process supported by links with research centres, universities, and other larger 
stakeholders able to mobilize new technology, materials, and processes. 
§ SMEs that define clearly their design process and recognize the internal and external value that 
design can create. 
In terms of use of ICT 
§ SMEs that have been adopting ICT consistently in their business strategy. It means that the ICT 
adopted are aligned with their needs and help the company to pursue their objectives and 
goals. 
§ SMEs where ICT are integrated with other areas such as design, production, marketing, and 
distribution. SMEs where the adoption and use of ICT do not appear as an isolated project. 
§ SMEs where ICT are integrated with larger information management systems linking them to 
other stakeholders. Many opportunities in the context of sustainable PSS arise from 
collaboration between stakeholders and ICT and can establish the communication that can lead 
to this collaboration. 
§ SMEs with a positive attitude towards ICT, motivated to use technologies and aware of the 
importance of continually upgrading and modernizing the ICT used in the company. 
§ SMEs open-minded to receiving support related to the use of ICT and able to communicate 
their needs to enable providers to develop customized applications. 
In the case of sustainability 
§ SMEs with the capacity to understand their business with a life cycle perspective. 
§ SMEs aware of the environmental and social impacts caused by their activities. 
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§ SMEs that know the environmental legislation that is related to their activities and have an 
environmental management plan to comply with this legislation. 
§ SMEs that are aware and engage social approaches to address potential concerns in this area 
derived from their activities.  
§ SMEs where the concept of sustainability is integrated in all the activities of the organisation. It 
means that in every activity and decision taken in the company there is reflection in terms of 
environmental, social and economic concerns related with it. 
§ SMEs where the concept of sustainability is embedded earlier in the design process and 
influences the use technology.  
In terms of business environment 
§ SMEs in a collaborative supply chain with fluent and efficient communications channels. 
§ SMEs in an industry that has legislation that encourages innovation, invention and exchange of 
knowledge and technology between different stakeholders. 
§ SMEs in an industry with environmental legislation that acts as a driver to improve the 
performance of the companies and their possibility to develop new markets. 
§ SMEs in an industry with mechanisms through industrial bodies or governmental agencies that 
facilitates access to financial and technical support. 
§ SMEs with a declared business strategy that favours the integration between design, ICT, and 
sustainability. 
6.6 Conclusions 
The SMEs involved in the case study show a positive perception of the concept of sustainable 
PSS. They show interest in the topic and previous projects carried out in relation to sustainable 
practices and organisational transformation confirms that interest. However this positive 
perception does not come from the experience of having developed a Sustainable PSS. None 
of the SMEs involved in the case study had offered these types of integrated solutions. Their 
willingness to consider a transformation towards a sustainable PSS in strongly motivated by the 
idea that offering services linked to their current products can improve their operations and 
give them differentiation in a very competitive industry.  
Furthermore, the SMEs involved in the case study recognized the importance of design and are 
willing to keep adopting and using ICT. However, lack of knowledge of sustainability, 
unawareness of the implications and possible barriers that they can face developing a 
sustainable PSS, difficulties in identifying the potential of design and ICT to create value, lack of 
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declared business strategy, and other organisational weaknesses identified are existing obstacles 
to design sustainable PSS involving SMEs.  
Through the analysis of the interviews and all the supporting documents, the coding and 
clustering process, and the analysis of the emerging themes, it was possible to identify relevant 
aspects, ideal conditions, drivers, and barriers that should be taken into account to design 
sustainable PSS involving SMEs. Three major contributions from the integration between design 
and ICT to the design of sustainable PSS were identified.  
These findings were fundamental to answer the research questions and partially achieve the 
aim proposed. However, in order to accomplish all the objectives outlined in Chapter 1 a 
procedure needs to be defined that can integrate these elements identified and developed 
through the research project. This procedure should be the structure to guide the design of 
sustainable PSS involving SMEs. It means that it has to be feasible and adaptable to the 
conditions of SMEs looking for a transformation toward sustainable PSS. Taking into account 
the obstacles identified regarding knowledge, awareness and organisation needed in the SMEs, 
it was considered more appropriate to design this procedure to design sustainable PSS for the 
organisations working to support SMEs and not for the SMEs directly. 
Creating the procedure to design sustainable PSS for the organisations working to support 
SMEs increases the chances of overcoming the obstacles identified. It can facilitate access to 
financial resources and increase the impact of the process involving more than one SME at a 
time. In order to orient the development of this procedure, the third version of the reference 
model was modified one last time taking into account the findings and reflections from the 
case study. This last modification introduces a set of questions based on the findings from the 
case study that intend to encourage reflection on the aspects that should be explored and 
evaluated in a SME to design a sustainable PSS, the type of sustainable PSS that the SME might 
be able to design, and finally the benefits of that sustainable PSS, (see Figure 6-5). This model 
and the questions embedded are the basis of the business framework presented in Chapter 7. 
In this last version of the reference model, it is proposed that the design of sustainable PSS 
involving SMEs can follow a four steps process that represents in some sense a very generic 
design process. These steps are an exploration of conditions, an evaluation of conditions, the 
generation of alternatives and the validation of alternatives. For each of these steps there is 
one question proposed that suggests implicitly what should be done in each of the steps in 
order to design a sustainable PSS with the integration between design and ICT. In that sense 
the business framework presented in Chapter 7 was developed to answer these questions 
connecting the findings from the case study and other parts of this research with the final 
objective of having a procedure that can orient the design of sustainable PSS involving SMEs. 
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The model proposed is part of a bigger process of development of PSS where there are 
further steps related to development, prototyping, testing and implementation of the systems. 
In that sense the four steps presented in the model are oriented only to an initial part of 
identification of opportunities and development of the first conceptual design of potential 
sustainable PSS. The later steps are not included in the scope of this research and they are 
represented in the model under the box development of the sustainable PSS outside of the blue 
box.   
Finally, in the model presented in Figure 6-5 it is also possible to see where the three 
contributions from the integration between design and ICT to the design of sustainable PSS 
appear. The outline of the space of exploration during the first and second steps, the definition 
of areas of opportunity in the third and fourth steps, and the reorientation of the business 
strategy in some way appears in all the process but it materializes when the system is 
developed and implemented.  
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Figure 6-5: Model to design sustainable PSS involving SMEs 
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7 DEPA Framework 
 
 
7.1 Introduction 
Sustainable Product Service Systems is a promising approach to support companies in moving 
toward a more competitive and sustainable business model. However, it was found in the 
literature, and during the scoping and main studies, different challenges to design these kinds of 
systems that can cause uncertainty and have so far prevented widespread adoption of the 
concept by the industry. In order to reduce this uncertainty, to fill in some gaps about current 
methodologies, and to address the fourth objective proposed for this research (see Table 7-1), 
a business framework was developed. This business framework responds to the reflection 
proposed in the fourth version of the reference model presented at the end of Chapter 6 to 
design sustainable PSS. 
This fourth version of the reference model presented in Figure 7-1 proposes four steps to 
design a sustainable PSS, following the approach of integration between design and ICT. The 
elements proposed in this model are the result of the analysis of different outputs obtained 
during the research, from the first insights in the literature review to more concrete ideas and 
concepts developed during the scoping and main studies. 
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Objectives Questions 
4. To define a procedure that could orient the design of 
sustainable PSS based on the integration between 
design and ICT. 
 
 
 2. How can design and ICT be integrated in 
order to contribute to the design of sustainable 
PSS? 
 3. What are the areas of opportunity where 
the integration between design and ICT can 
contribute to design sustainable PSS? 
Table 7-1: Objectives and research questions addressed in Chapter 7 
Along with the steps and the questions to generate the reflection on what is needed to design 
a sustainable PSS, the model shows where the contributions from the integration between 
design and ICT to the design of sustainable PSS can appear. 
 
 
Figure 7-1: Model to design sustainable PSS involving SMEs 
Taking the model to design sustainable PSS presented in Figure 7-1 as a basis, a business 
framework was developed. This framework is a tool intended to be used by organisations that 
support SMEs to engage in a transformation towards more competitive and sustainable 
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business models. The framework presents four stages that are linked with the four steps in the 
model and articulates the questions of each step into tools and procedures to arrive at the 
final design of sustainable PSS in the context of a SME. In that sense the tools and procedures 
described in each of the stages of the business framework are the answers to the questions 
proposed in the four steps of the model presented in Figure 7-1 and are the connection to the 
findings from the studies carried out in the research. 
Therefore in this chapter the description of the framework, including its purpose, drivers, and 
basic assumptions, is presented. Additionally, the explanation of each of the four stages that 
comprise the framework with their inputs, outputs and tools is discussed, along with the 
procedure used to validate the framework and the results of this validation.  
7.2 Background DEPA framework 
The DEPA (Diagnostic – Evaluation – Proposal – Adequacy) framework is a guide aimed at 
supporting organisations working with SMEs in the process of identifying opportunities for a 
transformation towards sustainable PSS. This framework fills gaps identified in current 
methodologies to design PSS and it can reduce the levels of uncertainty associated with the 
development of a sustainable PSS. The framework guides the design of sustainable PSS based 
on the integration of design and ICT and responds to three main requirements: 
− It takes into account internal and external challenges related to the design of 
sustainable PSS. 
− It presents a set of tools as part of an analytical process to identify and develop 
opportunities to design sustainable PSS.  
− It focuses the search for opportunities on the integration between Design and 
Information and Communication Technologies (ICT). 
The fulfilment of these three requirements makes DEPA suitable for SMEs that have no 
previous experience in the area. It also makes the framework practical at the beginning of an 
organisational transformation and flexible enough to be used with one SME or as part of a 
project to support a group of SMEs. The logic behind the framework is to carry out a 
procedure of four stages: diagnostic, evaluation, proposal, and adequacy, in a cycle matching 
the four steps of the model presented in Figure 7-1 to design sustainable PSS. The activities of 
each of the stages of DEPA are based in the four main areas included in the research: design, 
ICT, sustainability, and business environment (see Figure 7-2).  
The identification of these four areas, which are explored during the deployment of the DEPA 
framework, is part of the contribution to knowledge of this research. The decision to explore 
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these four areas is a result of the findings from different stages of the research. Despite the fact 
that there could be other areas involved in the design of sustainable PSS, these four cover the 
basic requirements to identify potential opportunities to design sustainable PSS involving SMEs 
following the approach proposed.  
 
 
Figure 7-2: Four areas explored in the framework 
The complete set of reasons for including these areas in the framework is explained in Chapter 
2. From a conceptual point of view, these areas are the backbone of the approach proposed. 
The importance of design and ICT in the design of sustainable PSS was defined in the literature 
review. Furthermore, throughout the research different contributions to this integration to the 
design of PSS were identified. In operational terms, these four areas frame the opportunities to 
design the systems, and contribute to define the weaknesses and difficulties that need to be 
solved to design the sustainable PSS.  
7.2.1 Purpose of the framework 
 
The purpose of the DEPA framework is to be a structure to identify and develop 
opportunities to design sustainable PSS involving SMEs. It is intended to be used 
by intermediaries such as consultants, universities, governmental agencies, non-
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governmental agencies, research centres or any other organisation working with 
SMEs. The framework can help these organisations to analyse the current 
situation within one or more SMEs in a specific industry and help them to move 
towards sustainable PSS as one approach to becoming more competitive and 
sustainable.  
 
The objective is to develop each stage of the framework in order to build the knowledge and 
understanding needed to propose possible designs of sustainable PSS under the conditions of 
the SMEs analysed. However, the framework is not a recipe, it is a methodological guide that 
gives support and can make the process of identifying opportunities more prolific. The 
framework is meant to be used in the initial stage of an organisational transformation involving 
SMEs. Any transformation is a process that requires time, resources, and support and this 
framework is the first step to defining the possible route. Supporting organisations and SMEs 
then have to work together to achieve the transformation and the potential benefits.  
In this sense, the purpose of the DEPA framework is focused on the design of sustainable PSS, 
which is framed in the blue box in the model presented in Figure 7-1. This box includes the 
four steps proposed to design sustainable PSS but excludes the development and 
implementation of the resulting sustainable PSS. That implementation is not part of the scope 
and aim of this research project. 
7.2.2 Challenges to design sustainable PSS 
Taking into account the internal and external challenges related to the design of sustainable 
PSS was one of the drivers for developing the DEPA framework. During the research different 
obstacles to design sustainable PSS were identified. Some of them were already mentioned in 
the literature review and others appeared in the context of the studies carried out. These 
obstacles represent huge challenges to designing sustainable PSS, related to the internal 
capacity of the SMEs or with changes in the business environment of the company. To 
understand how the DEPA framework could face those challenges, they were grouped in 
three possible types. 
 
− The first group of challenges is related to the integrated design of products, 
services, and infrastructure that together can transmit consistent values and 
achieve the level of satisfaction desired (Creusen, 2011; Mont, 2002a). It 
includes SMEs learning how to design products, services, and infrastructure that 
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act together to deliver a function, creating value in environmental, economic, 
and social perspectives. 
 
− The second group of challenges is related to the changes that sustainable PSS 
might cause in the internal and external context of the company who is 
developing the system (Tukker & Tischner, 2006a), including reorganisation of 
the ownership structure in the system. Lack of understanding of how these 
changes can cause resistance against a transformation toward sustainable PSS 
(Cook et al., 2006). 
 
− The third group is related to the uncertainty caused by the design of sustainable 
PSS in SMEs. This uncertainty is linked to a lack of knowledge and awareness 
about sustainability, a large amount of broad information without guidance and 
support, and the difficulty in establishing costs, savings, and the barriers and 
benefits of a possible transformation toward a sustainable PSS (Hernandez-
Pardo, Bhamra, & Bhamra, 2012). 
To address these challenges the framework was designed to include the analysis of internal and 
external aspects that are relevant in the design of a sustainable PSS following the approach 
proposed. This design includes a set of areas of opportunity that can be used as guidance to 
design the types of products, services, and infrastructure that these sustainable PSS may 
require. Finally, the use of the framework will result in the design of sustainable PSS that can be 
a source of information about the resources and changes that may be needed to develop the 
systems, therefore reducing the levels of uncertainty. 
In addition to these challenges, the weaknesses of SMEs such as limited access to financial 
capital, poor communication channels, and lack of mentorship (Ciliberti et al., 2008; Van Hemel 
& Cramer, 2002)  can increase the difficulties in designing sustainable PSS involving SMEs. For 
this reason the framework was aimed to be a tool for organisations working with SMEs and 
not necessarily for the SMEs themselves. The support that these organisations can give to the 
SMEs can eliminate the weaknesses identified and build an appropriate environment for an 
organisational transformation. 
7.3 Basic requirement and logic behind the framework 
Based on the analysis of the findings of the case study with the Colombian manufacturing 
SMEs, the scoping study, and the analysis of the elements included progressively in the 
reference model, one major requirement that should be taken into account to design 
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sustainable PSS involving SMEs emerged. Any organisational transformation is a unique case 
despite the fact that it could be part of a larger project. Every company is different and should 
be treated in that way. For example, even though design practices can be very similar between 
companies in the same industry, it is recommended that an individual analysis of each case be 
carried out. The case study with the leather manufacturing SMEs showed that even with very 
similar design process, the resulting products were very different, as the value created by the 
design process itself was different. However, it does not mean that the framework cannot be 
applied to different companies belonging to the same or different industries. The DEPA 
framework was designed and developed in general terms in order to allow different kinds of 
applications but the generalization from one analysis to other should be done carefully. 
In terms of the logic behind the framework, there is a connection between the questions 
proposed in the model presented in Figure 7-1, the findings from the research and the tools 
and procedures that define the framework. In that sense for example the first stage of the 
framework that is diagnostic make reference to the exploration of conditions in the model to 
design sustainable PSS. In order to carry out this diagnostic, relevant aspects to explore in 
terms of the four areas that support the research approach, design, ICT, sustainability, and 
business environment have to be defined to answer the question proposed in the model 
presented in Figure 7-1 and to connect with the findings from the research. In that sense the 
relevant aspects defined to be explored during the diagnostic using the framework are the 
ones described in section 6.7.2 that came from the analysis of the findings of the research.  
With this information, the next stage in the framework is the evaluation that is linked with the 
second step in the model to design sustainable PSS presented in Figure 7-1 that is the 
evaluation of conditions. To facilitate this evaluation during the use of the framework, this step is 
connected with the ideal conditions described in section 6.7.3. These ideal conditions describe 
an appropriate scenario to design sustainable PSS following the approach proposed. Given that 
the ideal conditions are expressed in the same four areas that the aspects used to explore the 
conditions of the SMEs during the first stage of the framework, the evaluation is direct and 
more practical. The complete set of these ideal conditions is presented in section 6.7.3. 
These ideal conditions do not guarantee a successful design of sustainable PSS involving SMEs, 
however under these conditions opportunities can be more evident and potential 
development of the PSS can be easier. In the majority of the cases these ideal conditions will 
not be found in the SMEs involved in an organisational transformation project, at least not in all 
the areas considered in the framework. In some cases SMEs can have a more structured design 
process that can facilitate the identification of opportunities that are more oriented towards 
design, but they may need support in the adoption and use of ICT, or in the adoption of the 
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concept of sustainability. It means that in almost every case the opportunities identified through 
the framework will require support, training, and a continual accompaniment from the 
organisation who is working with the SMEs in one, two, three or even the four areas explored 
in the framework. 
Following under the same logic the third stage of the framework that is the proposal is 
connected to the third step in the model to design sustainable PSS that is the generation of 
alternatives. To answer the question proposed in this step regarding what type of sustainable 
PSS the SMEs maybe able to design, the framework uses in this third stage the four generic 
types of sustainable PSS developed in Chapter 5 as a source of inspiration. Finally, adequacy 
that is the fourth stage of the business framework proposed is linked to the fourth step in the 
model to design sustainable PSS that is the validation of alternatives. In this stage of the 
framework the benefits of the potential sustainable PSS proposed in the third stage is assessed 
in the terms of the measures defined in section 5.3. 
In conclusion, in order to answer the questions proposed in the model to design sustainable 
PSS presented in the Figure 7-1 the framework uses the major findings from the research as 
tools embedded in its four stages. This use of the major findings of the research in the 
framework not only answer the questions proposed in the model, also it is the way empirical 
results, theory and the research approach are connected. In that sense the model to design 
sustainable PSS encourages a reflection while the framework is a self-contained tool that 
materialise the procedure to develop the conceptual designs of potential sustainable PSS. 
7.4 Framework DEPA 
DEPA is structured in four stages as part of an analytical procedure (see Figure 7-3) that 
focuses on the identification of opportunities to design sustainable PSS to those emerging from 
the integration between design and ICT. The four stages of the framework are: diagnostic, 
evaluation, proposal, and adequacy. 
The first stage consists of an exploration of the four areas identified as relevant in the design of 
sustainable PSS to diagnose the current situation (see Figure 7-2). The second stage uses the 
diagnosis done in the first stage to evaluate particular aspects for the design of sustainable PSS 
using visual assessments. In the third stage, sustainable PSS are proposed from the comparison 
between the evaluation carried out in the second stage and the four generic types of 
sustainable PSS developed in Chapter 5. Finally, in the fourth stage the adequacy of the 
proposals are evaluated in terms of sustainability of the systems in comparison with the current 
situation and current offers from the SMEs under analysis. 
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Figure 7-3: DEPA framework stages 
In Figure 7-3 it is possible to see the four stages of the DEPA framework, the input and output 
of each stage, and the two possible feedback loops from the last stage to previous ones, if 
some adjustments to the analysis are needed. It is also possible to see that there are two 
possible routes between stage one and two. One path is a simplified version, where just half of 
the questions proposed to make the diagnosis are used; the second path uses all the questions 
proposed. More details of each stage are presented in the next sections. 
7.4.1 Stage 1 – Diagnostic 
7.4.1.1 Purpose 
Collect and analyse information from the SME and its industry sector to make an initial 
diagnosis. This diagnosis represents the current situation of the SMEs in terms of the important 
aspects for the design of sustainable PSS from the four areas considered in the framework: 
design, ICT, sustainability, and business environment.  
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7.4.1.2 Description 
The collection and analysis of the information to make the diagnosis is supported by a set of 
questions in each of the areas considered. Some of these questions are oriented to get 
information from the SMEs and other information from the industry. The information gathered 
is used to complete the current situation sheet as a general characterization of the SME to start 
the analysis. In a complete version of the analysis all the questions should be answered to have 
a clear and detailed description of the conditions of the SME and the industry. However, it is 
also possible to carry out a simplified version of the analysis answering selected questions 
marked as needed to fill out the current situation sheet.  
7.4.1.3 Tools 
The main tool in this stage is the questions leading to the collection of data. In total are 14 
questions related to design, 15 related to ICT, 14 related to sustainability and 21 related to 
business environment. All these questions are presented in Appendix J. In these sets, the 
questions that are in green are the minimum questions needed to fill out the current situation 
sheet and they represent the simplified path to make the diagnosis. The questions regarding 
the aspects related to design are presented in Figure 7-4 as an example of the sets of 
questions used in the diagnostic stage. The other tool used in this first stage of the framework 
is the current situation sheet to sum up the information collected (see Figure 7-5). 
 
 
Figure 7-4: Design and its main features 
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Figure 7-5: Current situation sheet 
 
7.4.1.4 Procedure 
Each block in the current situation sheet should be filled out in a narrative way, including as 
much detail as possible. The collection of data is done by answering the questions proposed in 
the sets presented in Appendix J. In order to answer the questions it will be necessary to carry 
out interviews and observations within the SMEs, and to turn to secondary sources of 
information such as newspapers, industry newsletters, brochures, and in some cases, go further 
to approach clients, suppliers, and other stakeholders. 
7.4.2 Stage II - Evaluation 
7.4.2.1 Purpose 
The purpose of the evaluation is to complement the diagnosis and characterize the current 
situation of the SMEs in eight particular areas, evaluating how close the SMEs and the industry 
are to the ideal conditions described in section 6.7.3. This evaluation gives a more precise idea 
of what the strengths and weaknesses are in the current situation of the SMEs to design 
sustainable PSS under the approach proposed. 
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7.4.2.2 Description 
The evaluation is done in two steps. First, using visual assessments of particular aspects 
considered important for the design of sustainable PSS covering the four areas included in the 
framework, and second, translating those visual assessments into a characterization of the 
current situation in eight particular areas. 
The first part of the evaluation is done using scales. Each scale has the ideal condition for the 
aspect evaluated at the top and the opposite condition for the same aspect at the bottom (see 
Figure 7-8). Based on the questions and the current situation sheet completed in the first stage 
of the framework, the idea is to locate the SMEs and the industry for each aspect evaluated on 
a point between these two extreme situations. This assessment is done on an individual basis. 
If there is more than one SME involved in the project it will be necessary to have one set of 
scales for each SME. 
In the second part of the evaluation, these visual assessments in the scales are used to 
characterize the current situation of the SME in eight particular areas. This characterization 
facilitates the generation of proposals in the third stage of the framework. This generation of 
proposals is based on the comparison between the characterization of the current situation 
done in this stage and the four generic types of sustainable PSS developed in Chapter 5.  
7.4.2.3 Tools 
The main tools in this stage are the current situation characterization net (Figure 7-6) and the 
scales (Figure 7-8, Figure 7-9, Figure 7-10, and Figure 7-11). 
7.4.2.4 Procedure 
In total there are 21 aspects to evaluate, distributed in the four areas of evaluation: design, ICT, 
sustainability, and business environment. The evaluation for each aspect is done by locating the 
measurement indicator on the point of the scale that best represents the current situation. The 
indicator can be located in any of the seven points of the scale.  
For example, if the first aspect evaluated is the definition of design as creator of value, then the 
ideal condition at the top of the scale is: “Design is defined as a process creator of value and 
differentiation”, while the opposite at the bottom part of the scale, says: “Design is not clearly 
defined. It is not considered as a process creator of value”. Then the evaluation determines if 
the current situation of the SME analysed is closer to the ideal condition or at the opposite 
end of the scale. To define that location, the current situation sheet from the diagnostic stage is 
used. 
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After each aspect is evaluated the measurements of these scales are used to characterize the 
current situation of the SME in eight specific areas. The eight areas considered in the 
characterization of the current situation are: 
 
− Level of integration between design and ICT in the SME. 
− Level of innovation in the SME. 
− Orientation of the current offer in the SME to design. 
− Orientation of the current offer in the SME to ICT. 
− The presence of a mix of products and services in the current offer in the SME. 
− Level of flexibility in the SME related to the use of ICT in different areas and the 
participation of diverse stakeholders in the design process. 
− Level of awareness and knowledge on sustainability in the SME. 
− Level of support and help received by the SME from external bodies. 
 
Each of these eight areas is related to one or more aspects in the scales, as is shown in Table I.  
 
Areas for the characterization Aspects from the scales 
1. Integration between design and ICT 10 
2. Innovation 4, 5 
3. Design oriented offer 1, 2, 3 
4. Orientation to products and services 6 
5. Flexibility 2, 8 
6. ICT based offer 7, 9, 11, 12 
7. Awareness and knowledge on sustainability 13, 14, 15, 17 
8. Supportive industry 16, 18, 19, 20, 21 
Table 7-2: Links between areas of characterization and the aspects in the scales 
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The characterization is done graphically using the current situation characterization net shown in 
Figure 7-6. In this net, each area is evaluated on an individual basis defining if the area is in a 
low, medium, or high level.  
 
 
Figure 7-6: Current situation characterization net 
 
The level of the area is linked to the evaluation of the aspects in the scales following the rule 
presented in Figure 7-7. Basically, if the area to evaluate is related to just one aspect in the 
scale, then the level is defined by the position of the indicator for that unique aspect. However, 
as the majority of the areas are linked to more than one aspect in the scale, the value that will 
define the level of the area is the average of the aspects involved, as is shown in Figure 7-7.  
For example Level of Innovation is related to aspects 4 and 5 in the scales, if in aspect 4 the 
indicator was located at 1 and in the aspect 5 the indicator was located at 4, then the average 
of these two measurements is 2.5 and the level of the area Level of Innovation will be Low. 
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Figure 7-7: Rule to define the level of the areas of characterization 
 
 
 
Figure 7-8: Aspects related to design 
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Figure 7-9: Aspects related to ICT 
 
 
Figure 7-10: Aspects related to sustainability 
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Figure 7-11: Aspects related to business environment 
 
7.4.3 Stage III - Proposal 
7.4.3.1 Purpose 
The purpose of this stage is to propose possible sustainable PSS based on the analysis of the 
current situation and the evaluation from the previous stages. This process uses as a reference 
the four generic sustainable PSS developed in Chapter 5.  
7.4.3.2 Description 
The proposal of possible sustainable PSS is done through the comparison of the current 
situation characterization net and four generic sustainable PSS, based on the relationship 
between design and ICT (Figure 7-12). The four generic sustainable PSS are: design based, 
design and ICT as supporters, design and ICT integrated, and ICT based. The comparison 
allows similarities and differences between the current situation of the SMEs and the 
characteristics of each generic sustainable PSS to be established. This comparison also enables 
the selection, as a reference, of the type of sustainable PSS that is most suitable to the 
conditions of the SME. However, it is possible to select more than one generic type of 
sustainable PSS and also select one that is not necessarily very close to the current situation. 
The selection depends not only on the aspects evaluated to describe the current situation of 
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the SME but also on the capacity of the company to take risks to move towards a sustainable 
PSS through radical innovation. After the generic sustainable PSS are chosen the next step is to 
design a system and describe it in the proposal sheet (Figure 7-13).  
 
 
Figure 7-12: Four generic types of sustainable PSS 
7.4.3.3 Tools 
The main tools used in this stage are the descriptions of the four generic sustainable PSS 
presented in Chapter 5, and the proposal sheet to describe the designs of the sustainable PSS 
proposed at the end. 
7.4.3.4 Procedure 
Each description of the four generic types of sustainable PSS in Chapter 5 has four parts: 
− The description explaining the relationships between design and ICT in the PSS. 
− The characterization of the type of sustainable PSS. 
− A set of areas of opportunity related to the relationship between design and 
ICT in the PSS. 
− Examples of possible systems belonging to the type of sustainable PSS 
described. 
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In this sense the comparison between the characterization of the current situation and these 
generic types of sustainable PSS has three steps: 
− Gaining an understanding of each generic type of sustainable PSS. 
− Comparing the current situation characterization net (Figure 7-6) with the 
characterization of the four generic types of sustainable PSS. The 
characterization of the generic sustainable PSS and the characterization of the 
current situation have the same areas in order to make the comparison possible 
and easier. 
− Proposing a system in terms of the business of the SME involved in the process, 
using as a guide the areas of opportunity and examples presented in the 
descriptions of the generic type of sustainable PSS chosen. 
 
It is possible to propose more than one system for each generic type of sustainable PSS 
selected, and also to select more than one generic type of sustainable PSS to make the 
proposals. Therefore each system proposed should be described in one proposal sheet (Figure 
7-13). For example, if two generic sustainable PSS were selected and for each of those two 
sustainable PSS were proposed, then four proposal sheets should be filled out. 
 
 
Figure 7-13: Proposal sheet 
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7.4.4 Stage IV - Adequacy 
7.4.4.1 Purpose 
The purpose of this stage is to assess the adequacy of the designs of the sustainable PSS 
proposed in the third stage of the framework, according to a set of parameters in terms of 
environmental, social, and economic benefits.  
7.4.4.2 Description 
The assessment of the appropriateness of the systems proposed is carried out by taking into 
account the improvements that each system could generate to help the company to move 
towards a sustainable business model and in compare it to the current situation. This 
assessment is a qualitative approach to extract from the proposals potential benefits and to 
visualize possible changes needed to develop the systems proposed. The parameters to assess 
the sustainability of the designs of the PSS proposed come from the areas of measurement 
presented in section 5.3. 
7.4.4.3 Tools 
The main tool in this stage is the adequacy form (Table 7-3). 
7.4.4.4 Procedure 
The assessment of the appropriateness of the systems proposed in terms of environmental, 
social, and economic benefits is undertaken by answering the questions proposed in the 
adequacy form (Table 7-2). In this form each question has the option to be answered, as yes or 
no. In both cases an explanation of the answer should be included with the option selected. 
For each system proposed in the third stage of the framework, one adequacy form should be 
filled out. Then the systems proposed can be compared according to the adequacy forms. 
The main output of the application of the framework is the design of a possible sustainable PSS 
under the approach proposed. This design is based on the opportunities found in the analysis 
of the SME under its current situation. The next step in the process is the identification of the 
resources, and changes and support needed in the SME in order to develop the system.  
However, there is another output of using the framework that is as important as the design of 
the systems. This output is the reflection of the suitability of the PSS concept for the SME 
under analysis. The idea of designing sustainable PSS based on the integration between design 
and ICT is very promising to push the adoption of PSS as a business model, but it doesn’t 
mean it is suitable for all types of companies and especially not for all kind of situations. In this 
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sense, the DEPA framework helps organisations working with SMEs to define if the concept 
has potential to be used in the SMEs involved. 
 
Question Y N Explanation 
Does this system contribute to building a business strategy towards a 
sustainable company? 
   
Are design and ICT creators of value in this system?    
Does this system help the company to develop or create new markets?    
Does this system encourage continuous innovation?    
Does this system improve the strategic position of the company into the 
supply chain? 
   
Does this system create differentiation for the company into the 
industry? 
   
Does this system produce savings for the company?    
Does this system contribute to the achievement of industrial efficiency?    
Does this system encourage sustainable behaviour in its consumers?    
Does this system improve the relationships between the stakeholders in 
the supply chain? 
   
Does this system contribute to create collaborative networks in the 
industry? 
   
Does this system improve the health and safety conditions in the 
company? 
   
Does this system contribute to creating awareness of sustainability in the 
company? 
   
Does this system use fewer resources than the current offer?    
Does this system produce less waste and residue than the current offer?    
Does this system use environmentally friendly raw materials?    
Does this system encourage longer life cycles?    
Is this system less material oriented than the current offer?    
Table 7-3: Adequacy form 
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7.5 Validation of the framework 
The validation of the framework was done in three stages. Firstly, the analysis proposed in the 
DEPA framework was applied to the case study of the 16 manufacturing SMEs using the 
information collected during the research, to identify the possible opportunities to design 
sustainable PSS involving this group of companies. Secondly, the framework and a feedback 
form were sent to selected academics in Europe and Colombia to validate the assumptions 
made in the development of the framework and the suitability of the framework to be used 
with SMEs.  
Finally, the framework was used with a group of masters students during the course Design for 
Sustainability: an innovative business strategy in the Business School at the University of the 
Andes, Bogota, Colombia. The document explaining the DEPA framework that was sent to 
the experts and then used with the masters students is presented in Appendix K. In the next 
sections the three stages of validation are presented. 
7.5.1 Validation with the SMEs involved in the case study 
This validation did not involve a new contact with the SMEs that were part of the case study, 
instead the information collected during the case study was used following the procedures 
described in the DEPA framework to identify possible opportunities in this industry. In order to 
avoid a circular process between the development of the framework and its validation, this first 
way to validate the framework was only one part of the global validation. In this sense it was 
done with the motivation to close the case study with possible recommendations to the 
industry more than to prove the framework as a business tool.  
As part of the diagnostic stage using the DEPA framework, a set of actors involved in the 
industry were identified and their roles in the industry were described. The objective of this 
identification was first to better understanding the dynamics of the industry, and second to 
recognize gaps where opportunities to design sustainable PSS, on an individual or an industrial 
basis, could emerge (Hernandez-Pardo & Bhamra, 2012). The actors identified were: 
SMEs: Small factories dedicated mainly to producing shoes and some leather accessories, 
usually with 20 to 30 full-time employees. Their production is mainly for the national market. 
Their clients are from small shops, large distributors, and shop chains.  
They do not have direct sales to final customers and at some times of the year, due to high 
production levels, they have to outsource parts of the production process to small satellites 
composed of three to four people working from home. Their financial capital is very limited 
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and their main resource is their production capacity. The use of ICT is reduced to commercial 
purposes and in general is limited to very basic technology such as email and Internet. These 
SMEs do part of the design process internally and other part is subcontracted to external 
model makers. 
Model makers: They are professionals, usually with some training in design or with a lot of 
experience in the industry. Their job is to translate photos and basic drawings of concepts 
(shoes) into soft models in cardboard. Their job is mainly manual and assisted by traditional 
techniques such as the use of the pantograph. Their work with the factories is based on long-
term relationships. 
Associations: They are industrial bodies dedicated to supporting the SMEs’ operation. That 
support manifests itself mainly through the organisation of commercial fairs during the year. It is 
during these commercial fairs that the SMEs show their products to potential clients.  
Additionally, associations also prepare courses and seminars on topics such as 
commercialization, production techniques, and management between others. These 
associations also offer assistance on themes related to fashion and new commercial trends but 
this service is not clear or widely accessible, according to the SMEs. All these services are 
offered to the SMEs on a membership basis.  
Suppliers: There are mainly two large group of suppliers in this industry; the direct producers 
of the materials and the distributors and resellers. Usually SMEs are approached by suppliers of 
the second group for materials like glues, soles, and synthetics. In the case of leathers, the 
suppliers are generally the tanneries directly.  
Suppliers play an important role in the diffusion of new production techniques, machinery, and 
materials. They also push new concepts such as the use of ecological glues, which was in force 
during the case study.  
Clients: These are small shops, large distributors, and chain shops. They are the ones that 
provide the guidelines for the SMEs production, including trends, materials, and styles. With a 
large number of shoes coming from the SMEs, they are a powerful actor in the industry and 
are able to define commercial conditions including price. 
Satellites: These are small and informal workshops based in the workers home. They are 
usually composed of three to five people who meet to undertake specific production tasks 
that don’t require a factory. These satellites work on a temporary basis during the year. 
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After the actors in the industry were identified and described, a map was produced to show 
the main connections between these actors as part of the analysis in the second stage of the 
framework, the evaluation of the conditions (see Figure 7-14). This map was used later during 
the proposal stage to define the opportunities to design sustainable PSS. 
 
 
Figure 7-14: Actors identified in the diagnostic stage 
From the case study, taking into account the diagnostic and evaluation of the SMEs and the 
industry sector, including the identification of actors and roles as presented above, it was 
concluded that designing sustainable PSS was more suitable to be adopted on an industry-wide 
basis rather than in individual companies. It means that following the research approach 
proposed, the diagnostic and evaluation carried out using the guidance of DEPA framework 
showed that the SMEs involved in the case study did not have the conditions to design 
sustainable PSS on an individual basis. Even if the competences required to design a sustainable 
PSS can be developed in these SMEs, the proposal stage of the framework, taking as reference 
the four generic types of sustainable PSS, revealed better opportunities to design sustainable 
PSS putting together some of the actors identified rather than designing just for the SMEs.  
The opportunities identified during the proposal stage were mainly related to improvements of 
the current practices in the industry at a macro level involving different stakeholders. It was 
found that different activities were giving value to the final offer but because the industry is 
strongly product oriented, these activities are not valued and opportunities to improve the 
operation of the SMEs, and in general the operation of the industry on a sustainable basis, are 
missed.  
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During the proposal stage, using the map of actors and roles and the four generic types of 
sustainable PSS, three possible groups of actors where a sustainable PSS could be designed 
were identified (see Figure 7-15).  
 
 
 
 
Figure 7-15: Groups of actors in the Colombian leather industry where sustainable PSS can be 
designed 
Each group represents an opportunity to design a sustainable PSS by integrating two or more 
actors and transforming some of the activities currently done by them, thereby changing their 
practices into more competitive and sustainable business models. Finally, each design was also 
assessed in terms of the sustainability of the PSS using the guidance of the adequacy stage from 
the framework. This assessment was done in relation to the current offer and practices in the 
industry, and the potential benefits identified were included in the description of each system. 
In the next paragraphs a brief description of the designs of the sustainable PSS that resulted 
from the analysis carried out using the DEPA framework in the context of the 16 leather 
manufacturing SMEs involved in the case study is presented (Hernandez-Pardo & Bhamra, 
2012). 
Sustainable PSS No.1: The first possible option to design a sustainable PSS is related to the 
relationship between SMEs and production satellites. In this case, the production capacity of 
the satellites is the main service associated to the system. If the production tasks are 
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coordinated through a system that is supported by ICT, then benefits like better production 
planning, traceability of materials, management of design and production standards, 
coordination between satellites, and reliable deliveries could emerge. In a seasonal industry 
such as the leather industry, with low and high periods of production, a system that helps to 
coordinate factories and satellites could contribute to solving current problems such as lack of 
personnel in some periods of the year, work force instability, unfair wages, delays, and 
reprocesses. These improvements in terms of design could represent a better use of resources 
and the possibility to sustain satellites throughout the year, working for different factories to a 
better schedule. This system can be considered as ICT-based sustainable PSS according to the 
generic types presented in Figure 7-12. 
Sustainable PSS No.2: In this case, the opportunity is oriented towards a design and ICT 
integrated sustainable PSS according to the generic types presented in Figure 7-12. Currently, 
design is a process that is divided between SMEs and model makers. Associations give some 
advice but it is not widely exposed. Changing current manual practices of design into a design 
process supported by ICT could improve the interaction between SMEs and model makers, 
also allowing the participation of the associations. A collaborative design platform between 
these actors could enrich the process of design, reducing times to market and the number of 
iterations between SMEs and model makers. This kind of platform could also change the 
current manual interchange of photos into a systematic process of collaboration, from concept 
to detail design. If SMEs and model makers design in a virtual platform, the dynamic of the 
process could change from producing physical samples to producing virtual collections. These 
kinds of collections could significantly reduce the use of resources such as materials, energy, 
and time, especially for the commercial fairs. Additionally, a system with these characteristics 
could improve themes such as traceability of design models, development of new trends, and 
the possibility of supporting large productions between SMEs to satisfy international markets 
where design standards have to be fulfilled by different factories. This system could also be 
used to improve and make more accessible the associations services. 
Sustainable PSS No.3: A similar platform to the one presented in the previous system can be 
used to design a sustainable PSS between SMEs, clients, and associations. This third system 
could be an ICT-based type (see Figure 7-12). The interaction between SMEs, clients, and 
associations could be improved by supporting their communication processes using ICT. This 
improvement could be reflected in a new assessment of samples based on virtual collections 
and no physical ones. Also, it can give clients the possibility to suggest and see, in real time, 
modifications to the final samples during the commercial fairs. Additionally, this system could 
eliminate current problems related to commercial safety, payments, and lack of cooperation 
between SMEs, and between SMEs and associations. In terms of benefits, the assessment of 
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the samples could be more efficient and communication between stakeholders could be more 
fluent. These improvements include exchange of information on design, orders, sales, 
payments, claims, suggestions, and a diffusion of new events between others. Under this 
scheme of cooperation, new services can be developed between SMEs and clients such as 
model repositories, e-commerce, visiting arrangements, and collaborative design. 
These three systems are brief versions of possible designs of sustainable PSS that resulted from 
the analysis of the case study using the DEPA framework. They are presented here to show 
how the framework can be used as part of the validation process.  
7.5.2 Validation with experts  
In order to carry out the validation of the DEPA framework with experts in the field a detailed 
document outlining the framework and a feedback form were sent to a number of academics 
in Europe and South America. These documents used to validate the framework with the 
experts are presented in Appendix K. Four expert responses were received from the UK, 
Switzerland and Colombia. The general profiles of these four experts are presented in Table 
7-4. 
 
Experts Profiles 
Expert 1 Professor in a UK University specializing in research related to organisational 
culture, knowledge management, and multi-disciplinary and multi-agency 
teams responding to complex environmental problems. 
Expert 2 Associate Professor in a Colombian University working on projects linked to 
communities’ development, innovation, active learning, and organisational 
management. 
Expert 3 Professor in a Swiss University doing research related to design, 
management, accessibility and development of tools to support SMEs in 
their use of design. 
Expert 4 Associate Professor in a Colombian University working mainly in model-
based engineering of public services, analysis of social systems, dynamic 
systems, and organisational management. 
Table 7-4: Experts involved in the validation of the DEPA framework 
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The questions asked to the experts to validate the framework were mainly oriented to 
evaluate the suitability of the framework to be used with SMEs and to identify areas of 
improvement. The questions sent in the feedback form accompanying the DEPA framework 
were: 
− Do you think the DEPA framework is suitable to be used with SMEs? 
− Do you think the integration between ICT and Product and Service Design can 
contribute to design sustainable PSS involving SMEs? 
− How it is presented do you think the DEPA framework could contribute to 
move SMEs toward sustainable business models? 
− Do you think the procedure presented in the framework is clear and easy to 
follow? 
− Do you think the use of the framework could contribute to the widespread 
adoption of the concept of sustainable PSS as a business model? 
The comments from the experts in response to the questions can be summarized under three 
main ideas. First, the complexity of the DEPA framework should be reviewed to assure the 
balance between academic details and practical information is consistent with the target 
audience of the framework. In this sense the concern of the experts was that the framework is 
too detailed and academic to be oriented to practitioners and companies, and this amount of 
detail could be an obstacle to implement the framework. Taking into account that the DEPA 
framework is oriented to intermediaries working to support SMEs this comment is very 
important because one of the objectives of the framework is to achieve the widespread 
adoption of the PSS concept. In that sense the final version of the DEPA framework, as it was 
sent to the experts, will be used to present the tool in academic environments and a modified 
and simplified version possibly as a software application more oriented to practitioners is 
planned to be developed in the future.  
The second idea from the experts’ validation was the necessity to design a collaborative 
strategy to implement the framework. The main concern was how the relationship between 
the intermediaries and the SMEs would work to implement the DEPA framework. In that 
sense the implementation of the framework is out of the scope planned for this thesis, 
however different ideas have been emerging on how implementation can take place. Taking 
into account the collaborative relationship established with the Colombian Ministry of ICT, one 
possible option to implement the DEPA framework would be to integrate this framework with 
the projects developed by the Ministry, particularly the ones related to the adoption and use 
of ICT in SMEs. This integration can guarantee the participation of different stakeholders with 
the capacity to support the implementation in the different areas considered in the framework. 
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Additionally, the characteristics of the projects carried out by the Ministry are more oriented 
towards collaborative work with the SMEs rather than pure consultancy reducing the possible 
resistance of the SMEs to implement the framework. According to one of the experts SMEs 
may be reluctant to implement the DEPA framework if the project is presented as an external 
intervention and not a joint effort between the intermediaries and the companies itself.  
Finally, in order to encourage the participation of SMEs to implement the DEPA framework 
and move their business models towards sustainable PSS, the experts mentioned the necessity 
to clarify and emphasize the drivers and benefits from this implementation. The experience of 
one of the experts has been that SMEs need to see clearly the economic benefits associated 
with a transformation in their business models before they commit to it. The research 
undertaken during the main study and reported in chapter 6 confirms this perception. In 
general SMEs work with tight budgets and are very susceptible to any internal and external 
change, in that sense any major transformation is carefully evaluated mainly from an economic 
point of view. This concern was considered during the design of the DEPA framework and the 
fourth stage addresses this particularity in part. In that stage economic aspects are evaluated in 
the PSS designed in relation to the current offer of the SME. This evaluation allows the SME to 
see what he economic benefits can be to move forward with the implementation of the 
sustainable PSS designed. A more detailed analysis of the economic benefits has to be done 
during the development of the PSS designed; it is only during this development that the 
benefits can be quantified. Despite that the implementation and development stages are not 
part of the scope of this research, there are some preliminary ideas on the aspects that can 
help to quantify that benefits in relation to savings in production and changes in the market 
share. These improvements are considered for a future version of the DEPA framework where 
an implementation roadmap would be considered.   
7.5.3 Validation with Masters Students 
The validation with the masters students was done during a summer course in the Business 
School at University of the Andes in Bogota, Colombia from June to July 2012. The group 
consisted of 28 part-time students from the Masters in Marketing and the Masters in Business 
Administration who undertook a final project using the DEPA framework. The course that 
served, as basis to develop this final project, was Design for Sustainability: an innovative business 
strategy. The purpose of the final project of this course was to use the DEPA framework to 
redefine the business model and the offer of a set of companies. The same document used 
with the experts to explain the DEPA framework was given to the students as part of the 
materials for the course (See Appendix K). The project was carried out by groups of three or 
four students. In each group the students had to select one of the companies they worked for 
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as the company to transform. At the end eight groups were formed and eight different 
companies were selected to develop the final project. 
The objective to use the DEPA framework was to guide the process of transformation of the 
companies selected from their current business models towards sustainable PSS. It was an 
academic exercise where the students with the knowledge of the company and doing research 
on secondary sources developed the four stages of the DEPA framework and compiled the 
results in a final report. Each group also presented these results to their own classmates in a 
fifteen-minute presentation. 
The results of these final projects were more than satisfactory. The transformation of the 
current business models of the eight companies selected into new sustainable PSS showed 
many opportunities for improvement for these companies. Between the companies selected 
there were manufacturing firms as well services companies and in all cases the transformation 
using the DEPA framework was possible and the conclusions very positive. As part of the 
exercise the students were asked to reflect on the DEPA framework as a tool to encourage 
and guide the transformation of a company´s business models towards a sustainable PSS. The 
results of this reflection were summarized and presented here under two areas: strengths and 
advantages, and possible improvements. 
Strengths and advantages 
− The procedure is easy to follow and use facilitate a critical discussion. 
− The concepts presented in the framework are easy to understand. 
− The visual tools used in the framework make easier and realistic the diagnostic 
and evaluation of the current situation of the companies. 
− Even if there is no previous knowledge on the topic the framework is very 
understandable and has clear concepts. 
− Even in service companies where it appeared to be not easy the application of 
the framework, the procedure presented was clear and suitable.  
− The DEPA framework is flexible enough to be used with different industries. 
− The methodological context of the framework is expressed in a language that 
makes it possible for professionals from different backgrounds to understand 
the topic and procedure. 
− The DEPA framework is useful to identify opportunities according to the 
current situation and limitations of the company and also the business 
environment. 
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− The focus of the framework on two dimensions: design and ICT, presents an 
interesting way to define the possible route of development for the company. 
− The framework can be implemented by SMEs as well by medium and large 
companies. 
Possible improvements 
− The use of the forms and graphics in the framework takes a lot of time that 
could be reduced if the tool was automated. 
− In the proposal stage the guidance to define the better profile to design the 
sustainable PSS could be more direct and explicit. 
− The evaluation of some aspects in the diagnostic stage can be a little subjective. 
− The proposal stage could be complemented with more tools to facilitate the 
final design of the sustainable PSS in relation to the diagnostic and evaluation. 
− A digital application of the framework could make it easier to handle the tools 
and the procedure presented. 
 
This validation exercise with the Masters students showed the potential that the DEPA 
framework has to guide the transformation of current companies towards sustainable PSS. The 
reflections of the students highlight important strengths of the framework such as its clarity and 
suitability to be used by different kinds of professionals in different industries and company 
sizes. The visual tools and procedures were stated as being easy to follow and very useful to 
make the initial diagnostic and evaluation. As possible improvements the main suggestions 
were oriented to integrate additional tools in the third stage to facilitate the selection of the 
type of sustainable PSS to be designed, and to generate an application or software to 
implement the framework and simplify the generation of different scenarios of design.   
This validation with the students using real companies complements the evaluation of the 
framework done with the information from the case study collected during the main study and 
the validation with the experts. In the case of the experts, they evaluated the framework in 
relation to their experience and knowledge in the field, in the case of the students, they 
validated the framework in their working environments and in the majority of the groups 
without any previous experience in the topic. This way to validate the framework with real 
business conditions answered some the questions that arose during the validation with the 
experts such as the suitability of the framework in different companies and industries or the 
previous knowledge that the person who is implementing the framework should have in order 
to carry out the implementation. In relation to this previous knowledge it was a very positive 
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result in that with just few hours of training in the subject before the use of the framework the 
students were able to produce a complete and rigorous analysis of the current situation of 
their companies and arrive to very interesting designs of potential sustainable PSS to replace 
the offers of their companies. Finally, the possible improvements mentioned by the students 
are more related to the way the framework is presented and delivered than to the 
fundamental aspects of it. 
7.6 Conclusions 
The relationship established between the steps in the fourth version of the reference model 
presented in Figure 7-1 and the four stages of the DEPA framework facilitates the 
understanding and use of the framework. This relationship allows the users of the framework 
to face the design of sustainable PSS in a similar way a product is designed from exploration of 
opportunities to validation of different alternatives, in this case different designs of sustainable 
PSS. However as the design of sustainable PSS is in essence different to the design of a 
product, the particularities of this design of PSS are introduced at different moments in the 
framework as tools using the results of the research such as the ideal conditions to design 
sustainable PSS involving SMEs presented in chapter 6 and the internal and external aspects 
that should be explored in terms of the areas considered in the framework: design, ICT, 
sustainability and business environment. 
The validation of the DEPA framework covered aspects related to the suitability of the 
framework to be used with SMEs as well advantages and areas of improvements. The way in 
which this validation was undertaken gave important insights into how the framework can be 
improved and what the strengths of the tool are that should be kept in a future version. The 
first validation with the information from the case study with the leather industry was very 
useful to understand how the framework can be used to generate networks and to design a 
sustainable PSS between different stakeholders. This characteristic was identified as an 
important opportunity especially for SMEs that may lack all the conditions required for 
designing and developing a sustainable PSS but that may have the chance to design one in 
association with other stakeholders in their supply chain. 
The second validation with the experts in the field was particularly useful to see the 
importance of the language and level of complexity to present the framework in relation to 
the audience. Taking into account that the target audience are practitioners working to support 
SMEs this insight will be addressed in a planned improved version of the DEPA framework.  
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The third validation with the master students was the first use of the DEPA framework in real 
business situations. This validation cleared some of the questions that arose during the 
validation with the experts such as the previous knowledge required to use the framework. In 
this case the students used the framework almost without any previous experience in the 
topic. They received just three hours of training on how to use the framework as part of the 
course Design for Sustainability: an innovative business strategy. In this course of 24 hours in total 
topics such as sustainable development, ecodesign, innovation, and product service systems 
were discussed. With this training the students used the DEPA framework to design potential 
sustainable PSS using real information from the companies they selected. The resultant designs 
were very satisfactory and showed that even with little training it is possible to develop a 
rigorous analysis using the framework. In this sense this validation showed that the knowledge 
of the company and the industry are even more important factors to use the framework that 
the knowledge about the framework. This knowledge can be gained in training sessions and a 
future planned version of the framework as a software application can facilitate even more this 
training. 
Finally, in a larger process of development of a PSS the DEPA framework was applied to 
address the first part of that process. It means that in a complete process of development of a 
PSS the identification of opportunities and the design of the initial concepts or potential 
scenarios are normally the first and second steps, and those are the steps the DEPA 
framework was developed for. After these initial conceptual designs came the detail design of 
the system, the complete definition of resources, the characterization of interactions, the 
development of prototypes, the tests with potential markets and finally the implementation. As 
it was presented in Figure 7-1 the DEPA framework does not address these advance steps in 
the process to develop a PSS. 
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8 Discussion 
 
 
8.1 Introduction 
As the aim of this research is to build understanding on new possible alternatives to designing 
sustainable PSS, the objective of the discussion presented in this chapter is not to focus on 
particular results of the studies carried out during the research but instead to propose 
challenging topics of interest to reflect upon. These topics are structured based on the findings 
of the research, supported or contrasted by previous literature, and are presented with the 
final purpose of encouraging a critical view of how the PSS concept has been approached, 
what SMEs really need in order to implement these types of systems, and what the 
relationships are between higher elements implicitly involved in the design of sustainable PSS 
such as innovation, business strategy, and collaboration in the supply chain. 
Therefore the discussion is a reflection on the attributes that make sustainable PSS a particular 
business model. This discussion includes the role that design and ICT both individually and 
collectively can play in the understanding and design of these sustainable PSS, and 
characteristics found in the SMEs involved in the research that can prevent or enhance the 
chances to introduce the PSS concept in their operations. Finally, a series of thoughts on the 
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theoretical and practical contributions from this research to the process of designing 
sustainable PSS and to the methodologies that currently support that process are also 
examined. 
8.2 PSS, a particular business model 
The design and implementation of a sustainable PSS as a business model faces similar 
difficulties to other large organisational changes. Barriers identified, such as lack of knowledge, 
difficulty accessing financial resources, uncertainty, lack of infrastructure, and organisational 
resistance (Afshar & Wang, 2011; Mont, 2002b), are examples of the common difficulties that 
businesses have to overcome to grow and adapt to changing markets and global competition. 
However, with sustainable PSS, in addition to these difficulties there are other factors than can 
limit its implementation. These additional factors are related firstly with the idea of designing 
and implementing a system that is expected to possess sustainable performance, and secondly, 
related to the complexity of the concept compared with other more traditional business 
models. 
First, the idea of designing and implementing a system in which sustainable performance 
depends, in large measure, on the collaboration between stakeholders (Manzini & Vezzoli, 
2003) brings difficulties that other business models don’t necessarily have. Difficulties are 
related for example to sharing information on sensitive processes such as design and 
manufacturing, and also the fact that these processes can change from being done by one 
company to being co-developed by different stakeholders (De Bruijn & Tukker, 2002). 
However, the key to the sustainability of a PSS usually remains in the optimization of the 
whole system that came from stakeholders working together, and the freedom to fulfil a 
function with different configurations of systems (Goedkoop et al., 1999; Manzini & Vezzoli, 
2003). This particularity is not exclusive to PSS. In general radical innovations require 
stakeholder collaboration (Hofman & De Bruijn, 2010). An example of this collaboration is 
presented in the Herman Miller case study developed by Lee and Bony (2009). This required 
collaboration to achieve sustainable performance can go even further and be attached to the 
customers’ behaviour (Michaelis, 2003). The systems can be designed to be efficient and 
sustainable but if it doesn’t trigger a positive change in the customer’s behaviour the efforts can 
be in vain.  
Second, the complexity of the PSS concept can be greater than in other business models. This 
complexity comes from concepts such as closed materials loops, product life cycle, 
environmental assessment, eco-design, remanufacturing, alternative disposal scenarios, and 
social responsibility. Also it can come from the changes in the relationships between 
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stakeholders with shared responsibility between producers and consumers and commercial 
transactions by results delivered and not by products sold (Bertoni & Bertoni, 2011). Finally, as 
mentioned in Chapter 6, between the challenges to design sustainable PSS, the integrated 
design of products, services and infrastructure can also increase the complexity of the concept 
and limit its implementation (Creusen, 2011). Companies need to embed all these concepts 
and changes into their operations to be able to design and implement a sustainable PSS. This 
usually requires support from external agents, especially in the case of SMEs. 
However, sustainable PSS are not only particular by the existing difficulties to design and 
implement the concept in industry. Sustainable PSS are also particular due to their recognised 
capacity to trigger innovation at systems level and through this type of innovation, contribute 
to achieving sustainable development (Manzini & Vezzoli, 2003; Mont, 2002a; UNEP, 2009). 
Despite few examples on the market, especially examples developed by SMEs, the 
characteristics and benefits found during this project are enough reason to continue doing 
research in this field and to continue to try to find alternatives to make the concept operable 
on a larger scale. Additionally, the perception of the SMEs involved in the research on engaging 
in a possible transformation towards a sustainable PSS was very positive. In general, the SMEs 
showed not only a good attitude to change and to trying new ideas, but also a clear interest in 
improving as organisations. This positive attitude included interest in sustainability, however it 
was also evident in the studies that they had very little knowledge on the topic.  
In order to take advantage of this positive perception and good attitude towards change, one 
important result from the research was a list of ideal conditions under which a SME has the 
best chance to design and implement a sustainable PSS. This list of desired attributes, 
presented in Chapter 6, is divided into the same areas that are considered in the approach to 
design sustainable PSS: design, ICT, sustainability, and business environment. These attributes 
are useful for making an initial evaluation of the capacity of a SME to develop a sustainable PSS, 
but more importantly these attributes can be used as requirements to define training and 
support programs to overcome the difficulties mentioned. Difficulties related to little 
understanding of sustainability and other concepts that are unique to a PSS. 
A common reflection that emerged from the results of both the scoping and the main study 
was the necessity to accompany any project involving SMEs with training, covering areas such 
as sustainability, business strategy, technology, and product and service design. SMEs have a 
positive attitude but the lack knowledge and professional training in these areas is a huge 
weakness for making major changes towards innovation at a systems level and even less radical 
approaches. This is not the first time that this necessity of training has been mentioned 
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(CONPES3484, 2007), but in the case of the Colombian SMEs, particularly the ones involved 
in the research, it should be a priority before any changes to their business model is made. 
8.3 SMEs are built around their products, not around a business strategy 
According to the findings of the interviews with the SMEs, in many cases these SMEs have 
been built around their products more than around a business strategy. The dynamic of the 
leather industry in Colombia encourages SMEs to work on a short-term basis, producing in 
batches according to orders predefined by their customers. In general, the SMEs mentioned do 
not think too much about the future. Their preoccupations are mainly related to the 
production process in order to fulfil their orders and prepare their collections for commercial 
fairs. The owners of the companies, who in the majority of the cases do not have a business 
background, make the strategic decisions, control all the production processes, and in general 
SMEs tend to be very centralized in their role. Therefore there is no stated business strategy or 
a participative process to make important decisions. 
This lack of business strategy represents an important weakness. There is a recognised 
relationship between having a clear and defined business strategy and the SMEs capacity to 
innovate (Laforet, 2008). If the SMEs do not take time to think about the future and plan 
strategic moves to achieve better results, they cannot put their companies in a better strategic 
position. This, in turn, can affect their ability to offer a sustainable PSS. In general, a PSS 
development project can take considerable time and planning to make the required changes in 
the products and services offered by the company, to find and develop new markets, and to 
modify relationships with other stakeholders. Commitment from the top management has 
been recognised as a requirement to develop and implement PSS (Mont, 2002b). That 
commitment includes planning and changes in how companies perceive themselves in relation 
to the market and to their competitors. SMEs should be more aware of the importance of 
having a business strategy, not only in terms of developing sustainable PSS but also in terms of 
enhancing their opportunities to survive in more demanding markets and an uncertain future. 
8.4 A different way to classify and understand PSS 
PSS is still a relatively new area of research with few examples to use as reference to 
encourage the adoption of the concept in industry (Cook et al., 2006). Additionally, these 
examples have been developed mainly by medium and large companies and this makes the 
adoption of the concept by SMEs less likely, mostly due to lack of knowledge and 
understanding of the concept. Apart from the analysis and classification of PSS presented by 
Tukker and Tischner (2004), there are no additional studies aimed at proposing other possible 
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characterizations and classifications of PSS. There is research on how to use the concept and 
methods to develop PSS (Cook et al., 2006; Maxwell & van der Vorst, 2003; Ness, 2007; Van 
Halen et al., 2005) but the majority of this assumes a basic knowledge in the area and use the 
traditional classification presented by Tukker and Tischner (2004). The results of this research 
showed little understanding by the SMEs of what a PSS is, what their benefits and possible 
barriers are, and where to start in order to design and implement one. 
Taking into account this lack of knowledge and lack of previous literature proposing different 
ways to understand PSS, the analysis of 36 examples of sustainable PSS presented in Chapter 5 
was used to enhance knowledge in this area and also to try new alternatives to characterize 
and explain these systems. The results of this analysis were very promising as the examples 
came from different industries and diverse types of offers, but in all cases it was possible to 
identify design and ICT as elements of the system. This identification was the basis for 
developing four types of sustainable PSS based on the role that design and ICT play in the 
systems. These four types of sustainable PSS are on the one hand a representation of the 
integration between design and ICT in the context of sustainable PSS, but more importantly 
they represent an alternative and complementary way to understand, characterize, and classify 
PSS. This alternative classification can be used in conjunction with the classification presented 
by Tukker and Tischner (2004). Therefore PSS can be defined not only by its purpose (Tukker 
& Tischner, 2004) but also by the role of design and ICT as creators of value in the system. 
8.5 The integration between design and ICT in the context of sustainable 
PSS, more than areas of opportunity 
The integration between design and ICT was the route explored from the beginning of this 
research as an alternative to characterize PSS, and mainly to orient the design of sustainable 
PSS. The selection of these areas was justified but their importance in the design of this type of 
innovative solution (Creusen, 2011; Mont, 2002b; Roy, 2000; Ryan, 2004) and the integration, 
was proposed as a new approach to the topic and contribution to the knowledge from this 
research. During the research, three main areas where the integration between design and ICT 
can contribute to design sustainable PSS were identified. These areas were the capacity to 
outline the space of exploration to design these systems, the definition of areas of opportunity, 
and the reorientation of the business strategy. The former two are directly related to the PSS 
itself, whilst the third one is more a transformation that the integration induces in the 
organisation’s structure. In that sense, the integration between design and ICT frames the 
design of sustainable PSS and can influence the strategic direction of the company who will 
offer the PSS, focusing the creation of value around this integration. The integration between 
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design and ICT then represents more than areas of opportunity. It is a means to alter the 
company’s way of thinking and how it relates to their customers and to other stakeholders. 
This feature is mainly a consequence of the power of ICT as a transformer of relationships 
(Davenport & James, 1990) and the capacity of design to create product value and 
differentiation (Borja de Mozota, 2003; McBride, 2011; Moultrie et al., 2007) . 
The contributions from the integration between design and ICT to the design of sustainable 
PSS were important findings from the research and they represent potential future lines of 
research. Even though the integration was between two areas that at the beginning of the 
research were considered to be a non-traditional route, at the end it was a natural way to 
explore the design of sustainable PSS. Even if the SMEs involved did not have a lot of 
knowledge and experience in these areas, it was normal to discuss with them the possibilities 
that they have as companies to create value using design and ICT. SMEs were comfortable 
talking about these areas, much more so than talking about sustainability. They also recognised 
the benefits of changing their offers towards sustainable PSS using design and ICT as a 
platform. This is a remarkable result because it presents design and ICT as potential natural 
facilitators of organisational change. It is an attribute that can be used in different contexts and 
not just for the development of sustainable PSS. In previous research, the potential that these 
two areas have to individually to transform SMEs into more competitive organisations has been 
highlighted (Moultrie et al., 2007; OECD, 2004), but considering their integration as a facilitator 
of organisational change is a novel way to see that potential. 
Finally, it was surprising that while SMEs talk naturally about design and ICT, even with little 
knowledge in the areas, they do not talk comfortably about collaboration and strengthening of 
connections between stakeholders in the supply chain. The lack of trust and collaboration 
between SMEs and other stakeholders was a repeated theme in all the interviews. Eventually 
this lack of collaboration can represent more risks to design sustainable PSS involving SMEs 
than the lack of knowledge and financial resources. 
8.5.1 Lack of trust and collaboration: an obstacle to progress 
A major problem identified during the interviews with the Colombian SMEs was the lack of 
trust and collaboration between the stakeholders in the industry. In general, SMEs claimed lack 
of support from industrial associations and other SMEs in the industry to avoid incidents 
related to fraud due to transactions with false clients. In the past, there have been cases of 
fraud but there are no efficient communication channels or a culture of collaboration in the 
industry to warn of these situations. Additionally, there is no collaboration in terms of sharing 
good practices, information about machinery, materials or programs of support organised by 
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governmental and non-governmental agencies. It was interesting that even if some of these 
SMEs were located in the same street they did not know any details about the other factories. 
The participation of SMEs in collaborative networks enhances their innovation capacity and 
facilitates knowledge transfer at national and international levels (Jorgensen & Ulhoi, 2010). 
This lack of trust and collaboration between stakeholders in the context of development of 
sustainable PSS is a barrier that hasn’t been highlighted in previous research. The identification 
of this lack of trust and collaboration is a particular result of this research and it can have a 
large negative impact on the design and development of sustainable PSS. The development of 
these systems, especially when small companies are involved, requires collaborative networks 
and alliances between stakeholders (De Bruijn & Tukker, 2002; Hofman & De Bruijn, 2010). 
Moreover, the sustainable performance of a PSS depends on shared interests between the 
stakeholders that offer the PSS to optimize the whole system (Manzini & Vezzoli, 2003). This 
lack of trust and collaboration has to be one of the first issues addressed if innovation at a 
systems level between Colombian SMEs of the leather industry is to be achieved, and it should 
be a point to review in other industrial sectors.  
8.6 Design: Important but undervalued 
In this research, it was found that SMEs consider design an important attribute of their 
products, but it was rarely considered as a process or as an organisational competence. In 
terms of practices, design was included as part of the production process. This undervalue or 
misconception related to design in SMEs has been found previously (Moultrie et al., 2007) and 
also mentioned as a difficulty that SMEs have to integrate design into business strategy and 
consider it as a creator of value (Pontificia Universidad Javeriana & Prodintec, 2010). The SMEs 
involved in the research recognised the relationship between design and the necessity to 
innovate but they also recognise a lack of training in this area and the difficulty integrating 
technologies and new knowledge when designing and developing their products. It is an 
important issue considering that in the design stage a high percentage of the costs of a 
company are established (Waage, 2007), affecting the whole operation. 
Additionally, taking into account that in the design stage important decisions that can affect the 
sustainable performance of products and services are made (Bhamra & Lofthouse, 2007; 
McBride, 2011), design is definitely an area of interest for the development of sustainable PSS. 
This connection between design and sustainable products and services and even further 
sustainable futures has been mentioned in many previous contributions (Bhamra & Lofthouse, 
2007; Fiksel, 2009; McDonough & Partners, 2000; UNEP, 2009; Vezzoli & Manzini, 2008). 
However, McBride (2011) says that despite that relationship with sustainability, design is usually 
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not given enough importance from an strategic point of view. This statement supports the 
findings of this research. The SMEs interviewed, in general, lack the ability to see how design 
can help them to create product value, achieve differentiation, and contribute to develop 
sustainable operations. It is a result which contrasts with the research done by Borja de 
Mozota (2003) with European SMEs, where companies recognised design by its capacity to 
improve product image, quality, and gives differentiation and leadership to the companies. 
Nevertheless, the SMEs involved in that research were SMEs recognised for their excellence in 
the design of their products that make them design-oriented companies. However, the 
significant point behind this is the importance of design from an organisational and strategic 
point of view and the potential to influence the sustainable performance of businesses, a 
potential that it not exploited right now in the Colombian SMEs, at least not in the ones 
involved in this research.  
Finally, more related with the role of the designer, none of the SMEs interviewed had a proper 
design department with qualified designers. The design is mainly done by the owners of the 
SMEs in conjunction with external model makers. Because these owners are, in general, more 
interested in the production process and in the commercial side of their business, their role as 
designers was not clear. In the context of designing and developing sustainable innovative 
solutions such as PSS, this lack of clarity can represent a barrier because it is expected that 
designers assume a protagonist role in the identification of real needs and in the design of 
meaningful products and services (Esslinger, 2011; Marzano, 2000). The identification of real 
needs is a fundamental factor in the design of sustainable solutions. According to Ottman 
(1998) there is a positive relationship between fulfilment of real needs with function 
innovations, customer satisfaction, and sustainable results. The formation of designers and the 
formalization of design as a process in SMEs is an area of improvement that can have a positive 
effect on the general performance of these SMEs and with particular interest in their 
sustainable performance. Helping SMEs to develop a design process as a creator of value and 
to clarify the role of the designer from a strategic point of view, is an interesting starting point 
to assure transformation towards more competitive organisations (Ward et al., 2009). 
8.7 Access to ICT by itself does not assure a productive transformation 
of SMEs 
In the literature review there was evidence that connects the use of ICT with a positive 
transformation of the organisations (Davenport & James, 1990). During the research, it was 
confirmed effectively that the use of ICT has changed how SMEs work and there are different 
examples of processes that have been improved through the use of technology. These 
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processes that ICT have facilitated are especially related to activities that were usually done by 
phone or personal visits and now are done virtually using email, activities such as taking orders, 
replying to changes in the designs of the products, and presenting new collections of models. In 
general, all the SMEs reported these changes as positive. However, these changes did not 
represent a deep transformation of the SMEs. The technologies adopted were very basic, 
limited mainly to use of email and the use of a computer for administrative tasks. This limited 
use of ICT was also found by Monge-Gonzalez et al. (2005) in a study with Central American 
SMEs. In general, ICT were not integrated into the production processes of the SMEs. It did 
not change, for example, activities related to selection, requisition and the purchase of 
materials, the manufacturing process, or the commercialisation channels.  
In terms of the design process, the use of ICT created new opportunities for the SMEs to 
know the market better. This is a positive change, but at the same time it encouraged practices 
that go against innovation. These practices limit the capacity of the SMEs to develop new 
trends and reinforce the idea of being followers and not innovators. SMEs are using access to 
the Internet to search for models of products from other companies and countries to copy 
successful designs rather than develop their own. This type of practice in the design process 
was also found in the project HAGEDI (Pontificia Universidad Javeriana & Prodintec, 2010) 
exploring design capabilities of Colombian SMEs from the leather industry. A highly-
competitive market, in part, influences this type of practice. With many SMEs producing for a 
few major distributors, SMEs do not have the opportunity to take risks and try new ideas. In 
that sense, they prefer to stay with their successful models. 
In general ICT were not integrated into the structure of the SMEs. It explains why many of the 
companies interviewed reported to have stopped using the technologies adopted. Even more 
SMEs failed to adopt new technologies after the initial government project that introduced 
them to the topic back in 2008. These difficulties have a large negative effect on the capacity of 
these SMEs to design and eventually implement a sustainable PSS. ICT represent an important 
factor in the conceptual design and level of innovation of a sustainable PSS, especially in the 
approach proposed in this research. ICT can be embedded into the products of the system, 
can be the platform to allow the interaction between the stakeholders of the system, or in 
some cases be the channel to deliver the functions offered by the system. 
In order to deal with these problems, the programs of support aimed at encouraging access to 
the Internet and adoption of ICT in SMEs should be redefined. These programs should 
introduce the technologies in relation to the production process of the organisation and jointly 
give the SMEs training in related areas, as was mentioned previously. The objective of these 
programs might not be the adoption of ICT as an end (Taylor & Murphy, 2004) but the 
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integration of technologies into the business strategy and from there achieve a structural 
transformation of the SMEs towards sustainable and competitive business models. Finally, it is 
important to note that none of the SMEs knew the potential benefits that ICT can represent 
to achieve sustainable practices, nor their potential negative impacts. 
8.8 Reflective process, a route to design sustainable PSS 
Considering the complexity of the PSS concept and the gaps in the current methodologies to 
develop PSS identified in the literature review (Afshar & Wang, 2011; Baines et al., 2007; Cook 
et al., 2006; Mont, 2002a; Tukker & Tischner, 2004), this research aimed to find a new way to 
characterize sustainable PSS, and then based on this new characterization, to propose a 
method to design sustainable PSS. The integration between design and ICT and the 
contribution of that integration to the design of sustainable PSS was the route explored. The 
role of these elements in the context of sustainable PSS and the areas of opportunity from 
their integration were fundamental factors to understanding PSS in an alternative way. From a 
theoretical point of view all the elements that were developed during the research to address 
the aim proposed were considered in the model to design sustainable PSS proposed and then 
integrated in the DEPA business framework.   
This final business framework guides the conceptual design of potential sustainable PSS and 
outlines the boundaries of that design taking into account particular conditions of the company 
who will develop the system. The design of these concepts using this framework is supported 
by the evaluation of capabilities in a company who is willing to offer the system and contrasted 
to a list of ideal conditions under which the company is more likely to design and implement a 
sustainable PSS. Also, the framework proposes particular opportunities coming from the 
integration of design and ICT, and a set of areas to measure the sustainable performance of 
the potential systems, all presented in Chapter 6. 
The main advantage of this framework is that it deals with different aspects involved in the 
conceptual design of sustainable PSS using a shared language. This language was the outcome 
of expressing the four elements that support the research approach in terms of design, ICT, 
and sustainability. It means that the attributes to evaluate, the ideal conditions, the areas of 
opportunity and the areas to measure the sustainable performance of the systems are all 
explained in a common language. This feature allows moving from one stage of the framework 
to the next one, connecting the inputs and outputs of each stage in a natural way. The 
conceptual design of potential sustainable PSS is then a consequence of the reflective process 
of the capabilities of the company to offer a sustainable PSS and the connection of these 
capabilities with the areas of opportunity considered in the framework. These areas of 
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opportunity came from the understanding of the role that design and ICT play in a sustainable 
PSS, according to the analysis presented in Chapter 5. 
8.9 The complexity of the PSS concept affects the methodologies to 
design PSS 
It is a priority in the PSS field to continue doing research, not only to achieve the adoption of 
the concept in industry, but also to better understand the concept. Currently, it is still not 
totally clear how PSS are defined, what their main elements are, and what the relationships are 
that define the systems. Part of the problem arises from the point that there are very different 
kinds of systems that have been traditionally explained under the name of PSS. PSS like the 
ones considered in this research, are innovative solutions made by the combination of 
products, services, and infrastructure that fulfil final customers needs in an efficient and 
sustainable way (Manzini & Vezzoli, 2003; Roy, 2000; UNEP, 2009). However, PSS are also 
considered as industrial knowledge-intensive systems developed on a business-to-business 
basis (Meier, Roy, & Seliger, 2010). Despite similarities, such as the combination of products 
and services to deliver a function, the capacity to achieve innovation at systems level, and the 
flexibility of these systems to meet particular demands (Meier et al., 2010), these business-to-
business systems have been evolving in a different way to the former ones, and their design, 
development and implementation is also different.  
Furthermore, a new trend for collaborative eco-efficient services in innovative business models 
that offer basic services such as food, cleaning, shopping for groceries, and transport are 
growing fast and in some sense they are described with the same elements of a PSS (Halme et 
al., 2004; Jegou & Manzini, 2008), even though there are important differences with the two 
types of systems mentioned before. 
In the end, different systems are labelled with similar descriptions, but are in principle different, 
and this increases the complexity of the PSS concept.  This complexity can be confusing and 
affects the adoption of the PSS in industry by the resistance that it creates in the companies, 
but also because that complexity is translated into the methodologies and tools to design and 
develop PSS. This complexity of current methodologies and tools (Maxwell & van der Vorst, 
2003; Tukker & Tischner, 2004; Van Halen et al., 2005) was identified in the literature review 
as a gap, and the DEPA framework developed during the research aimed to fill part of that 
gap.  
Finally, the DEPA framework is simpler than other approaches, such as the ones presented by 
Maxwell & van der Vorst (2003) and Van Halen et al. (2005). However, during its validation 
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the complexity of the procedures and the necessity of external support to carry out the 
process described was one of the criticisms received. This need for external support is not 
considered a problem. The DEPA framework was designed to be used by intermediaries who 
work to support SMEs. Therefore, the intermediaries are the experts needed to facilitate the 
process. One possibility for reducing the complexity of the current framework is to divide the 
introduction, definitions, and background from the stages, procedures, and tools. The 
theoretical part of the framework can be delivered through training sessions, taking advantage 
of the knowledge and expertise of the intermediaries, and the practical side can be developed 
through workshops and exercises.  
8.10 Intermediaries can be a possible solution to overcome the challenges 
of designing and implementing sustainable PSS 
The DEPA framework was developed to guide the conceptual design of sustainable PSS based 
on the model presented in Chapter 6 and mentioned here in Section 8.8. This framework 
looks to help SMEs move towards sustainable PSS, facilitating an initial design of potential 
systems that the SMEs can develop taking into account their current conditions. Due to the 
complexity of the PSS concept mentioned previously, the reflective process proposed in the 
DEPA framework is oriented to be developed by intermediaries. These intermediaries can 
support the evaluation of the capabilities of a SME to offer a sustainable PSS and facilitate the 
design of different concepts that eventually will be sustainable PSS.  
In addition to the complexity of the PSS concept, the required external support came from the 
recognised necessity of training in areas such as design, technology, business strategy, and 
sustainability mentioned in section 8.1.  
The idea of having an external agent that can work with the SMEs means the participation of 
an external organisation with the knowledge, capacity, and experience to lead organisational 
transformations, transfer of technologies, and development of business models, in the process 
of design potential sustainable PSS. External agents with these characteristics can be business 
consultancies, universities, governmental agencies, research centres, and larger companies in 
the same industry. The role of these external agents is fundamental to ensure SMEs have the 
knowledge and organisational competences to implement a sustainable PSS after the initial 
designs of the systems are made. That relationship between different participants is important 
to develop efficient and sustainable systems (De Bruijn & Tukker, 2002) and can be 
fundamental according to the findings of this research in the case of SMEs. Additionally, the 
participation of different stakeholders is also important to trigger the integration between 
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design, ICT, and sustainability in the context of the development of innovative solutions. 
Integration that is very important to achieve sustainable results (McBride, 2011).  
Finally, as mentioned in Chapter 6, the uncertainty is also a threat for SMEs willing to develop 
radical innovations. The DEPA framework reduces that uncertainty, giving the SMEs an initial 
idea of the sustainable PSS that they will implement. An external agent supporting the SMEs 
can further reduce uncertainty or even eliminate it. The sources of the uncertainty identified in 
the research were mainly costs, lack of infrastructure, and lack of collaboration in the supply 
chain. All these factors can be positively affected by the participation of an external agent. 
8.11 Generalisation of the results 
In terms of generalisation of the results, the characteristics under which the research was 
developed shall be considered. It will be particularly important to take into account the fact 
that the SMEs involved in the main study were all part of the same industry and all previously 
involved in an ICT adoption project. Therefore the results presented are contextualized on the 
operations of manufacturing SMEs from a human-intensive industry, very product-oriented, and 
with seasonal production. Additionally, their participation in the ICT adoption project gave 
them other differentiating factors in terms of basic knowledge in the use of technology and 
familiarity with the idea of being part of a program of support.  
These particularities are a warning about how the results of the research should be used. Any 
process of design and development of sustainable PSS in a SME as a means to help the 
company to move toward a more competitive and sustainable business model should be 
considered as unique. However, the model proposed to design sustainable PSS and the DEPA 
framework were developed in general terms and intended to be used by SMEs from different 
industries and different levels of knowledge on the areas considered. In that sense the results 
of this research form the groundwork, but the particularities of each case plays a fundamental 
role in the success of the project and shall be considered carefully. 
 
 
 
 
 
 228 
 
 
 
 
9 Conclusions 
 
 
9.1 Achievement of the aim and objectives proposed 
The proposed aim of this research was to define new alternatives to design sustainable PSS 
and to build understanding of the conditions, drivers, and barriers that should be taken into 
account to design these types of systems involving SMEs. The first part of this aim was 
achieved by proposing a novel approach to designing sustainable PSS based on the integration 
between design and ICT. A set of examples of PSS already on the market were analysed to 
define the role of these two areas in a PSS and as a result of this analysis a new way to 
understand, characterize, and classify sustainable PSS emerged.  
This new approach to understanding the concept of sustainable PSS, according to the role and 
level of integration between design and ICT, represents a new route with great potential to 
help integrate sustainability into business strategy and facilitate the development of innovative 
offers. The integration between design and ICT proposed can contribute to the design of 
sustainable PSS outlining the area of exploration, defining areas of opportunity, and reorienting 
the business strategy of the company who will offer the system. Four generic types of 
sustainable PSS emerged as a representation of this integration between design and ICT and as 
an alternative method to classify PSS.   
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This new approach defined a common language to evaluate the situation and current offers of 
a group of Colombian SMEs in the leather industry. Through this work with the SMEs it was 
possible to establish the drivers and barriers linked to the implementation of sustainable PSS. 
The common language based on the integration between design and ICT in the context of 
sustainable PSS was fundamental to define a set of ideal conditions under which a SME has 
more chance to design a sustainable PSS. These ideal conditions were expressed in terms of 
attributes that the SME should have in relation to design practices, adoption and use of ICT, 
and knowledge and awareness of sustainability. These ideal conditions combined with the four 
generic types of sustainable PSS, according to the role and level of integration between design 
and ICT, were the basis for designing a framework to guide the design of sustainable PSS 
involving SMEs, achieving the second part of the overall aim 
9.1.1 Accomplishment of the objectives 
Objective 1 - To critically review literature and other secondary sources covering the role of 
ICT and design in the development of sustainable businesses and the main characteristics and 
evolution of the Product Service Systems field. 
This objective was accomplished with a comprehensive review of literature presented in 
Chapter 2. This review covered the fundamentals of sustainability from a business perspective 
and the potential that Product Service Systems have to contribute to building functional 
economies aligned with the principles of sustainable development. Additionally, it included an 
exploration of the role that design has played during the last number of decades to the 
integration of sustainability into business perspective, and finally the examination of the 
applications and contributions of ICT to the development of sustainable products and services.  
Objective 2 - To clarify the SMEs’ perception of moving toward sustainable business models, 
particularly using the concept of sustainable PSS as a means of transformation. 
To achieve this objective, the perception of SMEs to move towards sustainable business 
models was explored in two stages. First in the scoping study, with a broad perspective on 
sustainable operations, involving a group of SMEs coming from different industries. And then in 
the main study with more focus on sustainable PSS involving a second group of SMEs, all of 
them from the leather industry. The scoping study was done using an online survey with 38 
SMEs and the results are presented in Chapter 4. The main study followed a case study 
research methodology with 16 SMEs using semi-structured interviews, document analysis, and 
observations directly from their factories. The analysis and results of this main study are 
presented in Chapter 6.  
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Objective 3 - To identify possible routes of integration between design and the use of ICT that 
could characterize a sustainable PSS and contribute to its design. 
In order to accomplish this objective, and based on the preliminary areas of opportunity 
identified in the literature review in Chapter 2, suggesting integration between design and ICT 
in the context of PSS, a deep analysis of 36 examples of PSS already in the market was 
undertaken. From this analysis four types of sustainable PSS according to the role and level of 
integration between design and ICT emerged and are presented in Chapter 5. These four 
types of sustainable PSS represent a novel way to understand, characterize, and classify PSS.  
Objective 4 - To define a procedure that could orient the design of sustainable PSS based on 
the integration between design and use of ICT. 
This objective was accomplished throughout the design, development, and validation of the 
DEPA framework. This framework, presented in Chapter 7, is based on a model for designing 
sustainable PSS that uses the integration between design and ICT as pillar of a reflective 
process. The framework is formed in four stages: diagnostic, evaluation, proposal, and 
adequacy. The purpose of the framework is to design concepts of different possible sustainable 
PSS taking into account the conditions and capabilities of a SME. These conditions and 
capabilities are mainly diagnosed and evaluated in terms of design practices, use of ICT, and 
knowledge and awareness of sustainability. The integration between design and ICT 
throughout the framework can accompany and facilitate the process to design concepts that 
will eventually become sustainable PSS. In a complete process to develop a sustainable PSS the 
DEPA framework was developed to address the firsts steps that cover the identification of 
opportunities and the conceptual design of possible systems or future scenarios. It means that 
the framework does not include advance steps of detail design, prototyping, testing and 
implementation of the systems. 
9.2 Overall conclusions 
The integration between design and ICT as a new alternative to designing sustainable PSS 
evolved during the research. It was identified in the research that this integration can 
contribute to the design of sustainable PSS in three different ways. First, outlining the area of 
exploration to diagnose and evaluate the conditions and capabilities of a SME to design and 
eventually develop a sustainable PSS in terms of design practices, use of ICT, and awareness of 
sustainability. Second, defining areas of opportunity to design those concepts using as a 
reference the four generic types of sustainable PSS developed in Chapter 5 and their individual 
and collective areas of opportunity. These areas of opportunity are represented by the 
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potential to bring together concepts such as eco-design, remanufacture, eco-materials, 
collaborative design, dematerialization, virtualization, smart green products, and servicing 
between others. Finally, the integration can contribute to reorienting the business strategy of 
an organisation, turning its attention towards the role that design and ICT can play as creators 
of value. This reorientation of the business strategy can, in the long term, facilitate the 
development of innovative offers with design and ICT as the basis for the creation of value. 
These contributions are supported by a positive perception by the SMEs in moving towards 
sustainable PSS.  In general, the SMEs involved in the research showed a positive attitude to 
moving towards different business models with the expectation of achieving better 
performance, more clients and sales. They had a good attitude towards the idea of change. 
They are willing to try new ideas as long as those ideas represent economical benefits. For 
these SMEs environmental and social performance is not a priority. Their knowledge and 
awareness in these areas is very limited, a factor that can be a barrier to involving them in the 
development of sustainable PSS. However, if sustainable PSS can help them to achieve 
economical gains at the same time as providing environmental and social benefits, these SMEs 
are keen to participate in transformation projects. This positive perception is a good signal for 
the involvement of these SMEs in the implementation of sustainable PSS using the framework 
proposed in this research. However, the support by external bodies is an important element in 
the positive perception of the SMEs. These companies are willing to try new ideas if they are 
accompanied by organisations that can guarantee training and financial support. 
Behind this positive attitude and desire of the SMEs to improve as companies, eventually 
implementing sustainable PSS, mainly economic drivers were identified. Between these drivers 
were opportunities to open new markets, increase sales, improve relationship with clients, 
survive against the competition, and reduce costs of operation. However, barriers related 
mainly to organisational weaknesses obscure the possibility to design and implement a 
sustainable PSS. In this research, the main difficulties identified that could stop a transformation 
towards sustainable PSS were lack of knowledge and awareness of sustainability, lack of a 
business strategy, misunderstanding of the PSS concept, undervalued and unclear design 
practices, disarticulated use of ICT, and a worrying lack of trust and collaboration in the supply 
chain. 
From the understanding of these drivers and barriers, a model was developed to explain the 
design of sustainable PSS involving SMEs as a reflective process of what should be the aspects 
explored and evaluated in a SME to design this type of systems. This model is based on the 
integration between design and ICT as a primary element of the system. This integration is 
represented later in the business framework by four generic types of sustainable PSS defined 
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by the level of integration between design and ICT and the roles that these areas play in a 
sustainable PSS. These four generic types of sustainable PSS denote a new way to understand, 
characterize, and classify PSS.  
Based on the four-step model, a framework was developed in order to overcome the barriers 
that SMEs face when designing sustainable PSS identified during the research. This framework 
represents a new methodology to design sustainable PSS using the integration between design 
and ICT as a trigger for the process. Despite the fact that the framework can be used directly 
by a SME, it was developed with the intention to be used by intermediaries interested in 
supporting the operation of SMEs. Taking into account the type of organisational barriers that 
were identified in the research, the participation of an external body can bring experience and 
resources and enhance the chances of SMEs designing and implementing sustainable PSS. The 
decision to direct the framework at intermediaries and not directly at the SMEs was taken 
based on the conversations with the SMEs and the recognition that the SMEs do not have the 
capabilities to understand and use the framework by themselves. 
A potential project to help Colombian SMEs to move towards sustainable PSS should start by 
strengthening organisational competences in the SMEs and creating collaborative relationships 
between the stakeholders in the supply chain. Before using the framework, or any other tool, 
to design sustainable PSS, SMEs need training and support to formalize their businesses, to 
develop business strategies, to integrate the use of technologies into their production process, 
and understand the implications of becoming sustainable companies. This initial work is 
fundamental to accomplishing the ideal conditions under which a SME can design and develop 
a sustainable PSS.  
9.3 Contributions to knowledge 
Different contributions to knowledge were accomplished with the development of this 
research. In the field of PSS, a new approach to understand, characterize, and classify 
sustainable PSS based on the integration between design and ICT was proposed. This 
approach is represented by four generic types of sustainable PSS, defined according to the role 
that design and ICT play in the system and the level of integration between them. It was 
established that almost any sustainable PSS can be defined as design oriented, ICT oriented, 
design and ICT integrated, or design and ICT as supporters. Each one of these four types of 
generic sustainable PSS has its own characteristics, associated level of innovation, requirements, 
and favourable applications. This characterization of sustainable PSS can complement the 
traditional approach of classifying PSS according to the purpose of the system or it can be an 
alternative classification. In both cases, this approach can facilitate the design and development 
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of sustainable PSS outlining the areas of exploration for opportunities and defining the basic 
requirements for a company willing to design this kind of system.  
For practitioners, academics, governmental agencies and other organisations working to 
support the operation of SMEs, the DEPA framework represents a new vision of how it is 
possible to achieve a transformation in these SMEs toward sustainable and competitive 
business models. This framework presents a new knowledge in the form of tools and 
procedures to guide the design of sustainable PSS as an alternative to change the offers and 
business strategies of SMEs who are willing to improve their environmental, social, and 
economic performance. DEPA addresses challenges associated with the development of PSS, 
particularly for SMEs not considered before by other methodologies. Additionally, it proposes 
a new language to evaluate the offer and capabilities of the SMEs to design and eventually 
implement a sustainable PSS. The same language is used to lead the identification of 
opportunities and the description of potential systems. This language is outlined by the 
integration between design and ICT in the context of sustainable business development, and it 
was supported by the four versions of the reference model from the literature review to the 
development of the framework. 
In terms of adoption and use of ICT in SMEs, one further contribution was to establish that 
access to technology doesn’t guarantee productive transformation by itself. The purpose of 
programs to support SMEs in adopting and using ICT should be directed towards adoption 
and integration of technology within their business strategies and other creation of value areas, 
such as design. The assumption that giving SMEs access to ICT will make them more 
competitive is only partially true. If the SMEs are not able to integrate the technologies with 
their main production processes, and if they do not have a business strategy where technology 
can play a role, similar problems to the ones found during this research will be repeated. These 
problems include SMEs giving up the use of technology, SMEs being unable to upgrade the 
technologies used due to lack of knowledge and interest, and finally SMEs misusing technology 
and undermining important competences such as their capacity to innovate. 
In the area of design, the research revealed new possibilities for taking advantage of the 
strengths that design has to positively influence the strategy of an organisation. The integration 
of ICT and the identification of the areas where that integration can contribute to design 
sustainable PSS, represents a new way to see the power of design in companies where 
traditionally design has been undervalued.  
Finally, for academics and researchers the model proposed to design sustainable PSS is a major 
contribution because it takes the complexity out of the PSS concept and presents its design in 
a four-steps process that, in essence, resembles the more general design process. The design 
 234 
of sustainable PSS is presented in this model as a reflective process of observation, evaluation, 
generation of solutions, and assessment of these solutions as the most generic product design 
process, making the idea simple and practical. However, it is through the procedures, tools, 
and elements described later in the DEPA business framework that the complexity of the PSS 
concept is treated and its particularities considered. The simplicity of the model can be a 
valuable insight for introducing the concept to companies, practitioners, and organisations 
willing to work with sustainable PSS as means to achieve industries more aligned with the 
principles of sustainable development.  
9.4 Limitations 
The main limitation in this research, from a methodological point of view, was the distance of 
the participating SMEs. All the companies involved in the scoping and the main study were 
SMEs located in different locations across the Colombian territory. It would have been very 
interesting to have the opportunity to visit the factories and talk to the owners and employees 
more often but the distance between the researcher and the companies made this impossible. 
More communication with the companies during the commercial fairs, for example, would 
have been useful to enhance the knowledge of how the SMEs connect with other 
stakeholders. However, in this case the distance was not a major impediment. The dynamic of 
the industry in relation to the timetable of the research was also a limitation. It was not 
possible to match the visits to Colombia with the dates of the commercial fairs. These 
obstacles were partly overcome using ICT to communicate with the SMEs and collect 
secondary information for the analysis.  
In terms of generalisation of the results the use of the model proposed to design sustainable 
PSS and the subsequent DEPA framework is limited by the context and methodology of the 
research. Although the model and the framework were designed in general terms to be used 
for different SMEs and in diverse contexts, these outputs of the research have not been tested 
beyond the Leather Industry context in Colombia. 
9.5 Future work 
The next step based on the results of this research can be the use of the framework with a 
SME in a long-term project. The validation of the DEPA framework was done with real 
information collected during the fieldwork of this research. The logical path to follow would be 
to use the framework with a SME to design and implement a sustainable PSS. It implies using 
the framework to design the concept of a sustainable PSS but also to define a protocol of 
implementation in partnership with an external facilitator. Initially, this long-term project may 
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be developed with one SME but ideally after that first project the objective would be to use 
the framework on a large scale with SMEs from different industries and also SMEs that have 
not been part of previous ICT adoption programs. This application of the framework and the 
approach proposed to design sustainable PSS under different conditions would enrich and 
make the approach and the tools developed more robust. In order to carry out this kind of 
project to design sustainable PSS in a SME or in any other type of organisation using the DEPA 
framework it is necessary to simplify some of the procedures that this framework presents. 
This simplification has to be made to respond to certain concerns from the experts during the 
validation of the framework, concerns related to the complexity of the tool. The automation of 
the framework as a business tool has been considered as a possible answer to these concerns. 
Moreover, the observation of the process of design and development of sustainable PSS in 
industry will be a valuable source of information and insights to reflect on the model proposed 
in this research to design sustainable PSS. In this sense part of the future work will be to build a 
deeper understanding of the connection between the model and the framework proposed 
and the complete process of design and development of a sustainable PSS in an organization. 
Additionally, it would be very interesting to use the framework and the approach with medium 
and large companies. The framework was developed based on the analysis of the conditions of 
SMEs, but there are many elements considered that would apply also to large companies. This 
kind of pilot program with a large company can enhance the scope of the approach proposed 
and allow more general conclusions. 
Finally, other approaches based on the integration between design and ICT to introduce 
sustainability into a business perspective can be explored. This means not limiting the 
contributions of this integration to the design and the development of sustainable PSS, but also 
considering less radical concepts. Traditional methodologies to improve the environmental and 
social performance of products and services such as benchmarking and redesign could be 
enriched if they are redefined according to the integration between design and ICT. In a very 
broad perspective, this integration could be the basis of a totally new approach to transform 
industries towards sustainable development.  
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First, second and third version of the template of codes 
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Coding template V1.0 
 
1. Organizational dynamic (general aspects) 
 
1.1. Market pressure 
1.2. Industry description 
1.3. Daily problems 
1.4. Strategy and vision 
 
2. Adoption and use of ICTs 
 
2.1. Factors that encourage the use of ICTs 
2.2. Main technology’s use in the company 
2.3. Perception of the project MiPYME digital 
2.4. Changes in the organization produced by the use of ICTs 
2.5. Experience with websites 
 
3. Relationship with clients 
 
3.1. Communication means with clients 
3.2. Type of clients 
3.3. Cooperation with clients 
3.4. Aspects related to commercial safety 
 
4. Design process dynamic 
 
4.1. Activities in the design process 
4.2. Design with other actors 
4.3. Use of technologies in the design process 
4.4. Innovation in design 
 
5. Sustainable thinking and awareness 
 
5.1. Understanding of sustainable operation 
5.2. Industry’s impacts 
5.3. Regulation 
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5.4. Actions on sustainable operation 
 
6. Relationship with other stakeholders 
 
6.1. Relationship with the associations 
6.2. Competitors 
6.3. Cooperation with suppliers 
6.4. Model makers 
 
7. Services 
 
7.1. Services associated to products 
7.2. E-commerce 
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Coding template V2.0 
 
1. Industry characterization IC 
 
1.1. Internal  IC_I 
1.1.1. Daily problems IC_I_DP 
1.1.2. Formality vs. Informality IC_I_FIF 
1.1.3. Perception of the future IC_I_PF 
1.1.3.1. New projects IC_I_PF_NP 
1.1.3.2. Generational transfer IC_I_PF_GT 
 
1.2. External  IC_E 
1.2.1. Formality vs. Informality IC_E_FIF 
1.2.2. Operational problems IC_E_OP 
1.2.2.1. Payment system IC_E_OP_PS 
1.2.2.2. Lack of personal IC_E_OP_LP 
1.2.3. Ethical problems IC_E_EP 
1.2.3.1. Price war IC_E_EP_PW 
1.2.3.2. Fraud IC_E_EP_FR 
1.2.3.3. Lack of cooperation between producers IC_E_EP_LC 
1.2.3.3.1. Operation IC_E_EP_LC_OP 
1.2.3.3.2. Prevention of fraud IC_E_EP_LC_PF 
1.2.4. Associations IC_E_AS 
1.2.4.1. Perception of the association role IC_E_AS_PR 
1.2.4.1.1. Positive IC_E_AS_AR_P 
1.2.4.1.2. Negative IC_E_AS_AR_N 
1.2.4.2. Importance IC_E_AS_IP 
1.2.4.3. Benefits IC_E_AS_BF 
  
2. Adoption and use of ICTs ICT 
 
2.1. Perception about “MiPYME Digital” project ICT_MIPYME 
2.1.1. Experience ICT_MIPYME_EX 
2.1.2. Benefits  ICT_MIPYME_BF 
2.1.3. Difficulties ICT_MIPYME_DF 
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2.2. Use of ICTS in the firm ICT_USE 
2.2.1. Factors that encourage their use ICT_USE_FE 
2.2.1.1. Operational ICT_USE_FE_OP 
2.2.1.2. Inspirational ICT_USE_FE_IN 
2.2.2. Benefits  ICT_USE_BF 
2.2.3. New possibilities ICT_USE_NP 
2.2.4. Continuity ICT_USE_CO 
2.2.5. Changes produced in the firm ICT_USE_CHP 
2.2.5.1. Processes ICT_USE_CHP_PR 
2.2.5.2. Dynamic ICT_USE_CHP_DY 
 
2.3. Website   ICT_WEB 
2.3.1. Perception ICT_WEB_PE 
2.3.1.1. Positive ICT_WEB_PE_P 
2.3.1.2. Negative ICT_WEB_PE_N 
2.3.2. Importance ICT_WEB_IP 
  
3. Relationship with clients RC 
 
3.1. Commercial aspects RC_CA 
3.1.1. Fair trade RC_CA_TF 
3.1.1.1. Importance RC_CA_TF_IP 
3.1.1.2. Benefits RC_CA_TF_BF 
3.1.1.3. Difficulties RC_CA_TF_DF 
3.1.2. Differences between clients RC_CA_DBC 
3.1.2.1. Size RC_CA_DBC_SZ 
3.1.2.2. Market niche RC_CA_DBC_MN 
3.2. Dynamic  RC_DY 
3.2.1. Use of technology RC_DY_UT 
3.2.1.1. Communications RC_DY_UT_CM 
3.2.1.1.1. Traditional means RC_DY_UT_CM_TM 
3.2.1.1.2. New means RC_DY_UT_CM_NM 
3.2.1.2. Resistance RC_DY_UT_RS 
  
4. Design process  DP 
 
4.1. Description  DP_DS 
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4.1.1. Internal  DP_DS_IN 
4.1.1.1. Core competence DP_DS_CP 
4.1.1.2. Activities no related DP_DS_ANR 
4.1.1.3. Process DP_DS_PR 
4.1.1.3.1. Manual DP_DS_PR_M 
4.1.1.3.2. Supported by technology DP_DS_PR_ST 
4.1.2. External  DP_DS_EX 
4.1.2.1. Model maker role DP_DS_EX_MMR 
4.1.2.2. Difficulties DP_DS_EX_DF 
 
4.2. Use of technology in the design process DP_UT 
4.2.1. Positive perception DP_UT_P 
4.2.2. Negative perception DP_UT_N 
4.2.3. Applications DP_UT_AP 
4.2.3.1. Collaborative design DP_UT_AP_CD 
4.2.3.1.1. Clients DP_UT_AP_CD_CL 
4.2.3.1.2. Suppliers DP_UT_AP_CD_SP 
4.2.3.2. Concept development DP_UT_AP_COD 
 
4.3. Innovation   DP_IN 
4.3.1. Importance DP_IN_IP 
4.3.2. Dynamic DP_IN_DY 
4.3.2.1. Number of collections DP_IN_DY_NC 
4.3.2.2. Production of samples DP_IN_DY_PS 
4.3.3. Difficulties DP_IN_DF 
  
5. Sustainable Operation SO 
 
5.1. Understanding of sustainable operation SO_UD 
5.1.1. Areas  _UD_AR 
5.1.1.1. Environmental SO_UD_AR_EV 
5.1.1.2. Social SO_UD_AR_SO 
5.1.2. Motivation SO_UD_MV 
5.1.2.1. Internal SO_UD_MV_IN 
5.1.2.2. External SO_UD_MV_EX 
5.1.2.2.1. Country SO_UD_MV_EX_C 
5.1.2.2.2. Overseas SO_UD_MV_EX_O 
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5.2. Awareness about sustainable operations SO_AW 
5.2.1. Industry SO_AW_IN 
5.2.1.1. Regulation SO_AW_IN_RG 
5.2.1.2. Impacts from other actors SO_AW_IN_IFO 
5.2.2. Company SO_AW_CP 
5.2.2.1. Active aptitude SO_AW_CP_AA 
5.2.2.2. Passive aptitude SO_AW_CP_PA 
 
5.3. Actions towards sustainable operations SO_AC 
5.3.1. Difficulties SO_AC_DF 
5.3.2. Suggestions SO_AC_SG 
5.3.3. The role of the suppliers in taking actions SO_AC_RSP 
  
6. Services   SE 
 
6.1. Design as service SE_DAS 
 
6.2. E-commerce SE_EC 
6.2.1. Positive perception SE_EC_P 
6.2.2. Negative perception SE_EC_N 
6.2.2.1. Commercial Safety SE_EC_N_CS 
6.2.2.2. Operational problems SE_EC_N_OP 
6.2.2.3. Economic constraints SE_EC_N_EC 
 
6.3. Virtualization SE_VT 
6.3.1. Positive results SE_VT_PS 
6.3.2. Difficulties SE_VT_DF 
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Coding template V3.0 
 
1. General Characteristics 
 
1. Company 
1. Market 
1. National 
2. International 
2. Suppliers 
1.Local 
2. National 
3. International 
3. Daily Problems 
4. Temporal Problems 
5. Business Strategy 
6. Formality vs Informality 
7. Production Structure 
1. Internal Production 
2. Satellites 
3. Size of Production 
8. Perception Future 
1. New Projects 
2. Generational Transfer 
3. Active vs Pasive Attitude 
 
2. Industry 
1. Formality vs Informality 
2. Operational Problems 
1. Payment System 
2. Lack Personel 
3. Business Environment 
4. Lack Cooperation 
3. Ethical Problems 
1. Price War 
2. Fraud 
3. Others 
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4. Associations 
1. Positive Perception 
2. Negative Perception 
3. Importance 
4. Difficulties 
5. Support 
 
2. ICT 
 
1. MiPYME Digital Project 
1. Experience 
2. Benefits 
3. Difficulties 
4. Continuity 
5. New Projects 
 
2. Use Technology 
1. Encouragement Factors 
1. Operational 
2. Inspirational 
2. Benefits 
3. Changes Produced 
1. Process 
2. Dynamic 
4. Others Uses Than Design 
5. Difficulties 
 
3. Website 
1. Importance 
2. Positive Perception 
3. Negative Perception 
4. Barriers 
 
3. Relationship Clients 
 
1. Communication 
1. Traditional Means 
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2. New Means 
3. Cooperation 
 
2. Trade Fairs 
1. Importance 
2. Benefits 
3. Difficulties 
4. Procedure 
 
3. Differences In Relationships 
1. By Size 
2. By Location 
3. By Communication Means 
 
4. Design Process 
 
1. Description 
1. As Core Competence 
2. As Process 
3. As Activities Not Clearly Related 
4. As Manual 
5. As Supported By Tech 
6. As Internal Activity 
7. As External Activity 
8. Difficulties 
1. In general 
2. Lack Traceability 
9. Design Criteria 
2. Use Tech 
1. Positive Perception 
2. Negative Perception 
3. Applications 
1. Concept Development 
2. Collaborative Design Clients 
3. Collaborative Design Suppliers 
4. Detail Design 
4. Difficulties Barriers 
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3. Innovation 
1. Importance 
2. Manifestation Of Dynamics 
3. Difficulties 
 
5. Sustainable Operation 
 
1. Awareness 
1. In Terms Of Regulation 
2. In Terms Of Programmes 
3. In Terms Of Impacts From Others 
4. Not Awareness 
5. In Terms Of News 
6. In Terms Of Responsibility 
 
2. Attitude 
1. Passive 
2. Active 
 
3. Motivation 
1. Internal 
2. External 
 
4. Actions 
1. Examples 
2. Suggestions 
3. Difficulties 
4. Suppliers Roles 
 
5. Understanding 
 
6. Services 
 
1. Design As Service 
 
2. E-Commerce 
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1. Positive Perception 
2. Negative Perception 
1. Commercial Safety 
2. Operational Problems 
3. Economic Constraints 
3. Barriers 
 
3. Virtualization 
1. Positive Results 
2. Difficulties 
3. Complete vs Incomplete 
 
4. Perception 
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Appendix B 
Forms used to follow the recommendations of the University Ethical Advisory Committee 
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ETHICAL ADVISORY COMMITTEE 
 
 
Ethical Clearance Checklist 
(TO BE COMPLETED FOR ALL INVESTIGATIONS INVOLVING HUMAN 
PARTICIPANTS) 
 
If your research is being conducted off-campus and ethical approval has been 
granted by an external ethics committee, you may not need to seek full 
approval from the University Ethical Advisory Committee.  However you will be 
expected to provide evidence of approval and the terms on which this 
approval has been granted. 
If you believe this statement applies to your research, please contact the Secretary 
of the Ethical Advisory Committee for confirmation. 
 
If your research is transferring into Loughborough University and approval 
was obtained from your originating institution, there is a requirement on the 
University to ensure that appropriate approvals are in place. 
If you believe this statement applies to your research, please contact the Secretary 
of the Ethical Advisory Committee with evidence of former approval and the terms on 
which this approval has been granted. 
 
It is the responsibility of the individual investigators to ensure that there is 
appropriate insurance cover for their investigation. 
If you are at all unsure about whether or not your study is covered, please contact 
the Finance Office to check. 
Section A: Investigators 
Title of Investigation 
 
 
 
Name, Status and Email Address of Senior Investigators (University Staff 
Research Grade II and above): 
(Please underline responsible investigator where appropriate) 
 
 
Department:  
 
Name, Status and Email Address of Other Investigators (other University Staff 
and Students): 
 
 
Department:  
 258 
 
 
 
 
A1. Do investigators have previous experience of, and/or adequate training in, the 
methods employed? 
Yes  No†   †If No, Please provide details below 
 
A2. Will junior researchers/students be under the direct supervision of an 
experienced member of staff? 
Yes  No†  †If No, Please provide details below 
 
A3. Will junior researchers/students be expected to undertake physically invasive 
procedures (not covered by a generic protocol) during the course of the research? 
Yes†  No  †If Yes, Please provide details below 
 
A4. Are researchers in a position of direct authority with regard to participants (eg 
academic staff using student participants, sports coaches using his/her athletes in 
training)? 
Yes†  No  †If Yes, Please provide details below 
 
If you have selected one of the answers above marked with an † please 
provide additional information on how you intend to manage the issues 
(please continue onto a separate sheet if required), then submit this checklist 
to the Secretary to the EAC: 
 
 
Section B: Participants 
 
Vulnerable Groups 
Will participants be knowingly recruited from one or more of the following vulnerable 
groups? 
 
B1. Children under 18 years of age     Yes#  No  
(please refer to published guidelines) 
B2. People over 65 years of age      Yes#  No  
B3. Pregnant women       Yes#  No  
B4. People with mental illness      Yes#  No  
B5. Prisoners/Detained persons      Yes#  No  
B6. Other vulnerable group (please specify )   Yes#  No  
 
If you have answered ‘No’ to questions B1-B6, please now go to Section C 
#  If the procedure is covered by an existing generic protocol which refers 
specifically to the vulnerable group(s), please insert reference number here 
 
If the procedure is not covered by an existing generic protocol, please submit 
a full application to the Ethical Advisory Committee 
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Chaperoning Participants  
If appropriate, e.g. studies which involve vulnerable participants, taking physical 
measures or intrusion of participants' privacy:  
 
B7. Will participants be chaperoned by more than one investigator at all times? 
Yes  No*  N/A†  †If N/A, please provide details below 
 
B8. Will at least one investigator of the same sex as the participant(s) be present 
throughout the investigation? 
Yes  No*  N/A†  †If N/A, please provide details below 
 
B9. Will participants be visited at home? 
Yes*  No  N/A†  †If N/A, please provide details below 
 
* Please submit a full application to the Ethical Advisory Committee. 
 
If you have selected one of the answers above marked with an † please 
provide additional information on how you intend to manage the issues 
(please continue onto a separate sheet if required), then submit this checklist 
to the Secretary to the EAC: 
 
 
Section C:  Methodology/Procedures  
 
To the best of your knowledge, please indicate whether the proposed study: 
 
C1. Involves taking bodily samples     Yes#  No   
 (please refer to published guidelines) 
C2. Involves procedures which are likely to cause physical, psychological, social or 
emotional distress to participants     Yes#  No   
C3. Is designed to be challenging physically or psychologically in any way (includes 
any study involving physical exercise)    Yes#  No  
 
# If the procedure is covered by an existing generic protocol, please insert 
reference number here  
If the procedure is not covered by an existing generic protocol, please submit 
a full application to the Ethical Advisory Committee 
 
C4. Exposes participants to risks or distress greater than those encountered in their 
normal lifestyle       Yes*  No  
C5. Involves collection of body secretions by invasive methods Yes*  No  
C6. Prescribes intake of compounds additional to daily diet or other dietary 
manipulation/supplementation      Yes*  No  
C7. Involves testing new equipment    Yes*  No  
C8. Involves pharmaceutical drugs     Yes*  No  
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(please refer to published guidelines) 
C9. Involves use of radiation     Yes*  No  
(please refer to published guidelines).  Investigators should contact the University’s 
Radiological Protection Officer before commencing any research which exposes participants 
to ionising radiation – e.g. x-rays). 
C10. Involves use of hazardous materials    Yes*  No  
 (please refer to published guidelines) 
C11. Assists/alters the process of conception in any way  Yes*  No  
C12. Involves methods of contraception     Yes*  No  
C13. Involves genetic engineering     Yes*  No  
 
* If you have answered ‘Yes’ to any of the above please submit a full 
application to the Ethical Advisory Committee 
Section D: Observation/Recording  
D1. Does the study involve observation and/or recording of participants?  
Yes  No  If No, please go to Section E 
If Yes, 
D2. Will those being observed and/or recorded be informed that the observation 
and/or recording will take place?      Yes  No*  
 
* Please submit a full application to the Ethical Advisory Committee 
Section E: Consent and Deception  
 
E1. Will participants give informed consent freely?  
Yes  If yes please complete the Informed Consent section below.  
No*  *If no, please submit a full application to the Ethical Advisory 
Committee.  
Note: where it is impractical to gain individual consent from every participant, it is 
acceptable to allow individual participants to "opt out" rather than "opt in". 
Informed Consent 
E2. Will participants be fully informed of the objectives of the investigation and all 
details disclosed (preferably at the start of the study but where this would interfere 
with the study, at the end)?     Yes  No*  
 
E3. Will participants be fully informed of the use of the data collected (including, 
where applicable, any intellectual property arising from the research)? 
         Yes  No*  
 
E4. For children under the age of 18 or participants who have impairment of 
understanding or communication: 
- will consent be obtained (either in writing or by some other means)? 
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Yes  No*  N/A  
- will consent be obtained from parents or other suitable person? 
       Yes  No*  N/A  
- will they be informed that they have the right to withdraw regardless of parental/ 
guardian consent?     Yes  No*   N/A  
 
E5. For investigations conducted in schools, will approval be gained in advance from 
the Head-teacher and/or the Director of Education of the appropriate Local 
Education Authority     Yes  No*   N/A  
 
E6. For detained persons, members of the armed forces, employees, students and 
other persons judged to be under duress, will care be taken over gaining freely 
informed consent?     Yes  No*   N/A  
 
* Please submit a full application to the Ethical Advisory Committee 
 
Deception 
E7. Does the study involve deception of participants (ie withholding of information or 
the misleading of participants) which could potentially harm or exploit participants?  
     Yes  No  If No, please go to Section F 
If yes,  
E8. Is deception an unavoidable part of the study?   Yes  No*  
E9. Will participants be de-briefed and the true object of the research revealed at the 
earliest stage upon completion of the study?   Yes  No*  
E10. Has consideration been given on the way that participants will react to the 
withholding of information or deliberate deception?   Yes  No*  
 
* Please submit a full application to the Ethical Advisory Committee 
Section F: Withdrawal  
 
F1. Will participants be informed of their right to withdraw from the investigation at 
any time and to require their own data to be destroyed? Yes  No*  
 
* Please submit a full application to the Ethical Advisory Committee 
Section G: Storage of Data and Confidentiality 
 
Please see University guidance on Data Collection and Storage 
 
G1. Will all information on participants be treated as confidential and not identifiable 
unless agreed otherwise in advance, and subject to the requirements of law? 
         Yes  No*  
G2. Will storage of data comply with the Data Protection Act 1998?  
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(Please refer to published guidelines)    Yes  No*  
G3. Will any video/audio recording of participants be kept in a secure place and not 
released for use by third parties?      Yes  No*  
G4. Will video/audio recordings be destroyed within six years of the completion of 
the investigation?       Yes  No*  
G5. Will full details regarding the storage and disposal of any human tissue samples 
be communicated to the participants?    Yes  No*  
 
* Please submit a full application to the Ethical Advisory Committee 
Section H: Incentives  
 
H1. Have incentives (other than those contractually agreed, salaries or basic 
expenses) been offered to the investigator to conduct the investigation? 
   Yes†  No   †If Yes, Please provide details below 
H2. Will incentives (other than basic expenses) be offered to potential participants as 
an inducement to participate in the investigation?  
   Yes†  No   †If Yes, Please provide details below 
 
If you have selected one of the answers above marked with an † please 
provide additional information on how you intend to manage the issues 
(please continue onto a separate sheet if required), then submit this checklist 
to the Secretary to the EAC: 
 
 
 
Section I: Work Outside of the United Kingdom  
 
G1. Is your research being conducted outside of the United Kingdom? 
   Yes  No    
If Yes,  you may need additional insurance cover/clearance for your research.  
 
If, having completed this checklist, you will be making a full application to the EAC 
this issue will be checked for you as a part of the process.  If however you do not 
need to complete a full application please contact Hiten Patel (H.Patel@lboro.ac.uk). 
 
Section I: Declarations 
 
Checklist Application only: 
If you have completed the checklist to the best of your knowledge without selecting 
an answer marked with an * or †, your investigation is deemed to conform with the 
ethical checkpoints and you do not need to seek formal approval from the 
University's Ethical Advisory Committee.  Please sign the declaration below, and 
lodge the completed checklist with your Head of Department or his/her nominee. 
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Declaration 
I have read the University’s Code of Practice on Investigations on Human 
Participants. I confirm that the above named investigation complies with published 
codes of conduct, ethical principles and guidelines of professional bodies associated 
with my research discipline.     Please sign below 
 
Checklist with additional information to the Committee: 
If, upon completion of the checklist you have ONLY selected answers which 
require additional information to be submitted with this checklist (indicated by a †), 
please ensure that all the information is provided in detail and send this checklist 
to the Secretary to the EAC. 
 
Full Application Needed: 
If on completion of the checklist you have selected one or more answers which 
require the submission of a full proposal please download the relevant form from 
the Committee’s web page. 
A copy of this checklist, signed by your Head of Department should 
accompany the full submission to the Ethical Advisory Committee. 
 
Signature of Responsible Investigator    .........................................................  
Signature of Student (if appropriate)  .........................................................  
Signature of Head of Department or his/her nominee .................................................  
Date  ....................................................................  
 
Advice to Participants following the investigation 
Investigators have a duty of care to participants. 
When planning research, investigators should consider what, if any, arrangements 
are needed to inform participants (or those legally responsible for the participants) 
of any health related (or other) problems previously unrecognised in the 
participant.  This is particularly important if it is believed that by not doing so the 
participants well being is endangered.  Investigators should consider whether or 
not it is appropriate to recommend that participants (or those legally responsible for 
the participants) seek qualified professional advice, but should not offer this advice 
personally.   Investigators should familiarise themselves with the guidelines of 
professional bodies associated with their research. 
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Please use this template as a guide for your Information 
Sheet.  Please remove or add sections as appropriate to 
your study.  
 
 
 
Project Title 
Participant Information Sheet 
 
Name, University postal and email address and contact number of Main Investigator 
Name, University postal and email address and contact number of all other 
investigators/supervisors 
 
What is the purpose of the study? 
 
Please provide participants with a brief introduction to the study.  This should be in 
terminology suitable for non-expert participants and take into consideration the age and 
nature of the intended participants.  Information should cover the reasons for the study and 
what the investigators hope to achieve from the study. 
 
Who is doing this research and why? 
 
This should give an overview of who will be doing the research, who will be assisting and 
who the supervisors are.  It should also give the details of the sponsor of and funding for 
the study, in the case of student research this should state “This study is apart of a 
Student research project funded by Loughborough University.” 
 
Are there any exclusion criteria? 
 
 
 
Once I take part, can I change my mind? 
 
Suggested text: Yes!  After you have read this information and asked any questions you 
may have we will ask you to complete an Informed Consent Form, however if at any time, 
before, during or after the sessions you wish to withdraw from the study please just contact 
the main investigator.  You can withdraw at any time, for any reason and you will not be 
asked to explain your reasons for withdrawing. 
 
Will I be required to attend any sessions and where will these be? 
 
 
 
How long will it take? 
 
Please outline either the expected time requirement for each session or the total time 
required.  This should include the expected amount of time any questionnaires, interviews 
or focus groups will take to complete. 
 
Is there anything I need to do before the sessions? 
 
This could be completed background questionnaires, food diaries or for participants to 
discuss the requirements with their family and GP. 
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Is there anything I need to bring with me? 
 
This could be medication needed, specific equipment, their own packed lunch etc. 
 
What type of clothing should I wear? 
 
Is there anything specific your participants should wear to the sessions such as training 
clothes? 
 
Who should I send the questionnaire back to? 
 
 
 
What will I be asked to do? 
 
If participants are required to attend a number of different session please give details of 
what they will be required to do at each of the individual sessions.  This should be a 
detailed step-by-step description of the requirements on them.  If it is possible and 
appropriate please include picture or diagrams of equipment to help participants. 
 
At the familiarisation session 
 
 
At the first testing session 
 
 
At the second testing session 
 
 
etc 
 
What personal information will be required from me? 
 
 
 
Are their any risks in participating? 
 
Please give details of the possible risks of participating in the research.  This should 
include the likelihood, severity and the expected time that this will effect participants for.   
 
Will my taking part in this study be kept confidential? 
 
Please outline the steps taken to ensure confidentiality and data security during collection, 
storage and analysis of data.  This should also indicate how long the information will be 
kept for.  Explicit clarification should be given for any studies which include video or audio 
recording and/or the collection of tissue samples. 
 
What will happen to the results of the study? 
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What do I get for participating? 
 
This can include any information that can be given back to the participant, for example 
health and fitness statistics, but also details of any payments or reimbursements. 
 
I have some more questions who should I contact? 
 
 
 
What if I am not happy with how the research was conducted? 
 
The University has a policy relating to Research Misconduct and Whistle Blowing which is 
available online at http://www.lboro.ac.uk/admin/committees/ethical/Whistleblowing(2).htm.  
Please ensure that this link is included on the Participant Information Sheet. 
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Insert Name of Research Proposal 
 
 
INFORMED CONSENT FORM  
(to be completed after Participant Information Sheet has been read) 
 
 
The purpose and details of this study have been explained to me.  I 
understand that this study is designed to further scientific knowledge and that 
all procedures have been approved by the Loughborough University Ethical 
Advisory Committee. 
 
I have read and understood the information sheet and this consent form. 
 
I have had an opportunity to ask questions about my participation. 
 
I understand that I am under no obligation to take part in the study. 
 
I understand that I have the right to withdraw from this study at any stage for 
any reason, and that I will not be required to explain my reasons for 
withdrawing. 
 
I understand that all the information I provide will be treated in strict 
confidence and will be kept anonymous and confidential to the researchers 
unless (under the statutory obligations of the agencies which the researchers 
are working with), it is judged that confidentiality will have to be breached for 
the safety of the participant or others.  
 
 
I agree to participate in this study. 
 
 
 
                    Your name 
 
 
              Your signature 
 
 
Signature of investigator 
 
 
                               Date 
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Appendix C 
First and second version of the questionnaire for the survey with the SMEs in the scoping study 
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Appendix D 
Characterization of the 36 examples of sustainable PSS analysed 
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Appendix E 
Answers in the clustering process of the 36 sustainable PSS analysed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 292 
 
N
am
e 
of
 P
SS
1
Lo
op
 B
y T
he
 Y
ar
d
Pr
od
uc
ts
C
us
to
m
ise
d
G
en
er
ic
C
om
m
er
ci
al
C
us
to
m
ise
d 
de
sig
n
Si
m
pl
e
M
ed
iu
m
U
ni
qu
e
M
ed
iu
m
Pr
od
uc
ts
En
vi
ro
nm
en
ta
l
Pr
od
uc
ts
2
Z
IP
C
A
R
M
ix
G
en
er
ic
C
us
to
m
ise
d
M
ai
n 
pl
at
fo
rm
In
te
gr
at
io
n 
of
 b
ot
h
Si
m
pl
e
H
ig
h
M
ul
tip
le
H
ig
h
Se
rv
ic
es
Bo
th
Se
rv
ic
es
3
C
ity
 C
ar
 C
lu
b 
U
K
M
ix
G
en
er
ic
C
us
to
m
ise
d
M
ai
n 
pl
at
fo
rm
In
te
gr
at
io
n 
of
 b
ot
h
Si
m
pl
e
H
ig
h
M
ul
tip
le
H
ig
h
Se
rv
ic
es
Bo
th
Se
rv
ic
es
4
H
ei
m
 S
ys
te
m
 H
ou
sin
g
Pr
od
uc
ts
C
us
to
m
ise
d
N
A
N
A
C
us
to
m
ise
d 
de
sig
n
Si
m
pl
e
Lo
w
M
ul
tip
le
H
ig
h
Pr
od
uc
ts
Bo
th
In
te
gr
at
io
n
5
To
ol
 L
en
di
ng
 L
ib
ra
ry
Se
rv
ic
es
G
en
er
ic
N
A
N
A
O
th
er
s
Si
m
pl
e
Lo
w
U
ni
qu
e
Lo
w
Se
rv
ic
es
Bo
th
Se
rv
ic
es
6
R
eE
nt
ry
®
 2
.0
Pr
od
uc
ts
C
us
to
m
ise
d
G
en
er
ic
C
om
m
er
ci
al
C
us
to
m
ise
d 
de
sig
n
C
om
pl
ex
M
ed
iu
m
M
ul
tip
le
H
ig
h
Pr
od
uc
ts
En
vi
ro
nm
en
ta
l
In
te
gr
at
io
n
7
A
ut
oS
ha
re
M
ix
G
en
er
ic
C
us
to
m
ise
d
M
ai
n 
pl
at
fo
rm
In
te
gr
at
io
n 
of
 b
ot
h
Si
m
pl
e
H
ig
h
M
ul
tip
le
H
ig
h
Se
rv
ic
es
Bo
th
Se
rv
ic
es
8
So
la
r 
C
om
m
un
ity
 C
en
te
rs
M
ix
G
en
er
ic
G
en
er
ic
C
om
m
er
ci
al
O
th
er
s
C
om
pl
ex
H
ig
h
M
ul
tip
le
H
ig
h
In
te
gr
at
io
n
Bo
th
In
te
gr
at
io
n
9
X
er
ox
 D
oc
um
en
t 
Se
rv
ic
es
M
ix
C
us
to
m
ise
d
G
en
er
ic
C
om
m
er
ci
al
In
te
gr
at
io
n 
of
 b
ot
h
C
om
pl
ex
H
ig
h
M
ul
tip
le
M
ed
iu
m
Se
rv
ic
es
En
vi
ro
nm
en
ta
l
Se
rv
ic
es
10
So
ftw
ar
e 
as
 a
 S
er
vi
ce
M
ix
G
en
er
ic
C
us
to
m
ise
d
M
ai
n 
pl
at
fo
rm
So
ph
ist
ic
at
ed
 IC
T
C
om
pl
ex
H
ig
h
M
ul
tip
le
M
ed
iu
m
In
te
gr
at
io
n
En
vi
ro
nm
en
ta
l
In
te
gr
at
io
n
11
N
or
Lu
x 
LE
D
 L
ig
ht
 S
ys
te
m
s
M
ix
C
us
to
m
ise
d
G
en
er
ic
C
om
m
er
ci
al
In
te
gr
at
io
n 
of
 b
ot
h
C
om
pl
ex
H
ig
h
M
ul
tip
le
M
ed
iu
m
In
te
gr
at
io
n
En
vi
ro
nm
en
ta
l
Pr
od
uc
ts
12
Si
ck
 S
en
so
r T
ec
hn
ol
og
y 
So
lu
tio
ns
M
ix
C
us
to
m
ise
d
G
en
er
ic
C
om
m
er
ci
al
In
te
gr
at
io
n 
of
 b
ot
h
C
om
pl
ex
H
ig
h
M
ul
tip
le
M
ed
iu
m
In
te
gr
at
io
n
En
vi
ro
nm
en
ta
l
In
te
gr
at
io
n
13
En
er
gy
ex
tr
a
Se
rv
ic
es
G
en
er
ic
G
en
er
ic
C
om
m
er
ci
al
O
th
er
s
C
om
pl
ex
M
ed
iu
m
M
ul
tip
le
Lo
w
Se
rv
ic
es
So
ci
al
Se
rv
ic
es
14
C
al
l a
 b
ik
e
M
ix
G
en
er
ic
C
us
to
m
ise
d
M
ai
n 
pl
at
fo
rm
In
te
gr
at
io
n 
of
 b
ot
h
Si
m
pl
e
M
ed
iu
m
U
ni
qu
e
Lo
w
Se
rv
ic
es
Bo
th
Se
rv
ic
es
15
Li
fts
ha
re
Se
rv
ic
es
N
A
C
us
to
m
ise
d
M
ai
n 
pl
at
fo
rm
So
ph
ist
ic
at
ed
 IC
T
C
om
pl
ex
H
ig
h
U
ni
qu
e
H
ig
h
Se
rv
ic
es
Bo
th
Se
rv
ic
es
16
Fa
rm
 F
re
sh
 To
 Yo
u
M
ix
G
en
er
ic
G
en
er
ic
C
om
m
er
ci
al
O
th
er
s
Si
m
pl
e
Lo
w
U
ni
qu
e
Lo
w
Se
rv
ic
es
Bo
th
In
te
gr
at
io
n
17
A
sh
la
nd
 C
he
m
ic
al
 S
ol
ut
io
ns
M
ix
C
us
to
m
ise
d
G
en
er
ic
C
om
m
er
ci
al
In
te
gr
at
io
n 
of
 b
ot
h
C
om
pl
ex
M
ed
iu
m
M
ul
tip
le
H
ig
h
Pr
od
uc
ts
En
vi
ro
nm
en
ta
l
In
te
gr
at
io
n
18
M
et
al
 r
ec
yc
lin
g 
op
er
at
io
ns
Pr
od
uc
ts
C
us
to
m
ise
d
G
en
er
ic
C
om
m
er
ci
al
C
us
to
m
ise
d 
de
sig
n
C
om
pl
ex
M
ed
iu
m
M
ul
tip
le
H
ig
h
Pr
od
uc
ts
En
vi
ro
nm
en
ta
l
In
te
gr
at
io
n
A
sp
ec
ts
 e
va
lu
at
ed
 in
 e
ac
h 
PS
S
12
. S
ou
rc
e 
of
 
be
ne
fit
s
1.
 O
rie
nt
at
io
n 
of
 t
he
 s
ys
te
m
2.
 Im
po
rt
an
ce
 
of
 d
es
ig
n
3.
 Im
po
rt
an
ce
 
of
 IC
T
4.
 U
se
s 
of
 IC
T
 
in
 t
he
 P
SS
5.
 S
ou
rc
e 
of
 v
al
ue
6.
 C
om
pl
ex
ity
 
of
 t
he
 P
SS
7.
 D
yn
am
ic
 
in
 t
he
 P
SS
8.
 F
le
xi
bi
lit
y
9.
 L
ev
el
 o
f 
in
no
va
tio
n
10
. S
ou
rc
e 
of
 
in
no
va
tio
n
11
. T
yp
e 
of
 
be
ne
fit
s
 293 
 
N
am
e 
of
 P
SS
19
M
an
ni
ng
to
n 
Fl
oo
rin
g 
So
lu
tio
ns
Pr
od
uc
ts
C
us
to
m
ise
d
G
en
er
ic
C
om
m
er
ci
al
C
us
to
m
ise
d 
de
sig
n
C
om
pl
ex
Lo
w
U
ni
qu
e
H
ig
h
Pr
od
uc
ts
En
vi
ro
nm
en
ta
l
Pr
od
uc
ts
20
O
di
n
M
ix
G
en
er
ic
G
en
er
ic
C
om
m
er
ci
al
O
th
er
s
Si
m
pl
e
Lo
w
U
ni
qu
e
Lo
w
Se
rv
ic
es
Bo
th
In
te
gr
at
io
n
21
C
ei
lin
g 
2 
C
ei
lin
g
Pr
od
uc
ts
C
us
to
m
ise
d
G
en
er
ic
C
om
m
er
ci
al
C
us
to
m
ise
d 
de
sig
n
C
om
pl
ex
Lo
w
U
ni
qu
e
H
ig
h
Pr
od
uc
ts
En
vi
ro
nm
en
ta
l
Pr
od
uc
ts
22
G
re
en
 G
en
ie
 To
ol
s
M
ix
C
us
to
m
ise
d
C
us
to
m
ise
d
M
ai
n 
pl
at
fo
rm
In
te
gr
at
io
n 
of
 b
ot
h
Si
m
pl
e
H
ig
h
M
ul
tip
le
Lo
w
In
te
gr
at
io
n
En
vi
ro
nm
en
ta
l
In
te
gr
at
io
n
23
Pa
y-
pe
r-W
as
h
M
ix
C
us
to
m
ise
d
C
us
to
m
ise
d
M
ai
n 
pl
at
fo
rm
In
te
gr
at
io
n 
of
 b
ot
h
Si
m
pl
e
M
ed
iu
m
U
ni
qu
e
M
ed
iu
m
In
te
gr
at
io
n
Bo
th
In
te
gr
at
io
n
24
R
op
pe
 F
lo
or
in
g 
D
es
ig
ne
r
M
ix
C
us
to
m
ise
d
C
us
to
m
ise
d
C
om
m
er
ci
al
In
te
gr
at
io
n 
of
 b
ot
h
Si
m
pl
e
H
ig
h
U
ni
qu
e
H
ig
h
Pr
od
uc
ts
En
vi
ro
nm
en
ta
l
In
te
gr
at
io
n
25
G
isp
en
 F
ur
ni
tu
re
Pr
od
uc
ts
C
us
to
m
ise
d
G
en
er
ic
C
om
m
er
ci
al
C
us
to
m
ise
d 
de
sig
n
Si
m
pl
e
Lo
w
U
ni
qu
e
M
ed
iu
m
Pr
od
uc
ts
En
vi
ro
nm
en
ta
l
In
te
gr
at
io
n
26
Ko
pp
er
t 
Bi
ol
og
ic
al
 S
ys
te
m
s
M
ix
C
us
to
m
ise
d
G
en
er
ic
C
om
m
er
ci
al
In
te
gr
at
io
n 
of
 b
ot
h
Si
m
pl
e
H
ig
h
M
ul
tip
le
H
ig
h
Pr
od
uc
ts
En
vi
ro
nm
en
ta
l
In
te
gr
at
io
n
27
Te
xt
ile
 a
nd
 C
ar
pe
t 
C
ar
e
Se
rv
ic
es
G
en
er
ic
G
en
er
ic
C
om
m
er
ci
al
O
th
er
s
Si
m
pl
e
H
ig
h
M
ul
tip
le
Lo
w
Se
rv
ic
es
En
vi
ro
nm
en
ta
l
Se
rv
ic
es
28
M
ob
ilit
y 
C
ar
 S
ha
rin
g
M
ix
G
en
er
ic
C
us
to
m
ise
d
M
ai
n 
pl
at
fo
rm
In
te
gr
at
io
n 
of
 b
ot
h
Si
m
pl
e
H
ig
h
M
ul
tip
le
H
ig
h
Se
rv
ic
es
Bo
th
In
te
gr
at
io
n
29
O
ce
 P
rin
tin
g 
fo
r 
Pr
of
es
sio
na
ls
Se
rv
ic
es
G
en
er
ic
C
us
to
m
ise
d
M
ai
n 
pl
at
fo
rm
So
ph
ist
ic
at
ed
 IC
T
Si
m
pl
e
H
ig
h
U
ni
qu
e
M
ed
iu
m
Se
rv
ic
es
En
vi
ro
nm
en
ta
l
Se
rv
ic
es
30
Sp
ul
m
ob
il
Se
rv
ic
es
G
en
er
ic
N
A
N
A
O
th
er
s
Si
m
pl
e
Lo
w
U
ni
qu
e
Lo
w
Se
rv
ic
es
En
vi
ro
nm
en
ta
l
Se
rv
ic
es
31
O
m
ni
D
ia
gn
os
t 
El
ev
a
M
ix
C
us
to
m
ise
d
C
us
to
m
ise
d
M
ai
n 
pl
at
fo
rm
In
te
gr
at
io
n 
of
 b
ot
h
C
om
pl
ex
H
ig
h
M
ul
tip
le
H
ig
h
In
te
gr
at
io
n
So
ci
al
In
te
gr
at
io
n
32
Pa
lle
t 
R
en
ew
Se
rv
ic
es
G
en
er
ic
G
en
er
ic
C
om
m
er
ci
al
O
th
er
s
Si
m
pl
e
Lo
w
U
ni
qu
e
Lo
w
Se
rv
ic
es
En
vi
ro
nm
en
ta
l
Se
rv
ic
es
33
St
at
t A
ut
o
M
ix
G
en
er
ic
C
us
to
m
ise
d
M
ai
n 
pl
at
fo
rm
In
te
gr
at
io
n 
of
 b
ot
h
Si
m
pl
e
H
ig
h
M
ul
tip
le
M
ed
iu
m
Se
rv
ic
es
Bo
th
Se
rv
ic
es
34
W
ilk
ha
hn
Pr
od
uc
ts
C
us
to
m
ise
d
G
en
er
ic
C
om
m
er
ci
al
C
us
to
m
ise
d 
de
sig
n
Si
m
pl
e
Lo
w
U
ni
qu
e
M
ed
iu
m
Pr
od
uc
ts
En
vi
ro
nm
en
ta
l
Pr
od
uc
ts
35
C
as
tr
ol
 C
om
pl
et
e 
C
M
S
Pr
od
uc
ts
G
en
er
ic
N
A
N
A
O
th
er
s
Si
m
pl
e
Lo
w
M
ul
tip
le
M
ed
iu
m
In
te
gr
at
io
n
En
vi
ro
nm
en
ta
l
In
te
gr
at
io
n
36
M
ot
iv
a
M
ix
C
us
to
m
ise
d
C
us
to
m
ise
d
M
ai
n 
pl
at
fo
rm
In
te
gr
at
io
n 
of
 b
ot
h
C
om
pl
ex
H
ig
h
M
ul
tip
le
H
ig
h
In
te
gr
at
io
n
So
ci
al
In
te
gr
at
io
n
A
sp
ec
ts
 e
va
lu
at
ed
 in
 e
ac
h 
PS
S
1.
 O
rie
nt
at
io
n 
of
 t
he
 s
ys
te
m
2.
 Im
po
rt
an
ce
 
of
 d
es
ig
n
3.
 Im
po
rt
an
ce
 
of
 IC
T
4.
 U
se
s 
of
 IC
T
 
in
 t
he
 P
SS
5.
 S
ou
rc
e 
of
 v
al
ue
6.
 C
om
pl
ex
ity
 
of
 t
he
 P
SS
7.
 D
yn
am
ic
 
in
 t
he
 P
SS
8.
 F
le
xi
bi
lit
y
9.
 L
ev
el
 o
f 
in
no
va
tio
n
10
. S
ou
rc
e 
of
 
in
no
va
tio
n
11
. T
yp
e 
of
 
be
ne
fit
s
12
. S
ou
rc
e 
of
 
be
ne
fit
s
 294 
 
Appendix F 
Description of the four clusters identified during the analysis of the 36 sustainable PSS 
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Description of the clusters identified according to the level of integration between 
design and ICT during the analysis of 36 sustainable PSS 
 
 
Cluster A 
Systems oriented to design, where customised designed products create the main value. ICT 
are generally generic information management systems that provide operational and 
commercial support but they are not providing the main value of the PSS. In terms of 
relationships between stakeholders these PSS can be simple or complex with low and medium 
levels of interaction between the user and the interface provided for the system. 
Innovation in these PSS is mainly attached to the products of the system and the benefits 
produced by the PSS in terms of sustainability are mostly environmental. In these systems 
specialized production processes and customised designs allow recycling, reuse and 
remanufacture of the products of the systems, prolonging the product life cycle and making 
more efficient the use of materials. The examples categorized in this cluster are mainly from 
furniture, flooring and ceiling industries. 
 
Cluster B 
Systems where the integration between design and ICT acts as a supporter of the system. 
Products are in general not designed specifically for the system and ICT give operational and 
commercial support and in some cases its contribution to the PSS is very basic. The main value 
of the PSS does not rely on the products or the ICT, it comes from other aspects such as 
convenience, long term relationships with the clients and easy access to products and services. 
In general in these PSS the relationships between stakeholders are simple, and there are few 
stakeholders involved in the production of the offer of the PSS. The level of innovation is 
mostly low and attached to the services in the system. In terms of sustainability the benefits 
caused by the system can be environmental and social, also attached mainly to how the offer is 
delivered. The PSS found in this cluster came from many different industries such as textiles 
and carpets, food supply, industrial lubricants and tool lending. 
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Cluster C 
Systems where the integration between design and ICT creates the main value. The 
orientation of these systems is towards products and services strongly attached as part of 
complete solutions to the users. In these systems products are exclusively designed for the 
system and ICT can be for operational and commercial support but also the main platform of 
the PSS. These PSS are mainly produced by the integration of different stakeholders in a 
complex network. The level of interaction between the system and the users is from medium 
to high. The offer in these PSS is mostly multiple with different possible configurations to satisfy 
a wide range of necessities. 
The level of innovation in the PSS is mainly high and attached to the way products and services 
are integrated as part of the offer of the system in their multiple configurations. The benefits of 
the PSS in terms of sustainability can be environmental, social, or both and they are linked to 
the integration between products and services. These benefits can vary from one configuration 
to another. In this cluster the examples came from different sectors such as medical solutions, 
chemical industry and document management. 
 
Cluster D 
Systems oriented to ICT where the main value is given by sophisticated information systems 
exclusively developed for the PSS. ICT in these PSS are the main platform that enables the 
interaction with the user and the delivery of products and services. In these systems products 
are mostly generic designs with little adaptations to work into the system. These modifications 
are related in general to the connection between the product and the information 
management systems. 
The level of interaction between the user and the system is mostly high making ICT very 
important. The offer of the system is usually multiple with different scenarios of use defined by 
time, price and possible contracts. The level of innovation in these PSS can vary from low to 
high and it is mainly attached to the services of the system. In terms of sustainability the 
benefits of this type of PSS are environmental and social. The majority of the examples found 
in this type of PSS are from transport and mobility solutions.  
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Appendix G 
Complementary information of the leather manufacturing sector in Colombia 
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Weaknesses Strengths 
 
- Consider the skin as a sub-
product of the meat business. 
- Inadequate slaughtering and 
skinning process and scanty 
technology in the refrigeration 
industry. 
- Inadequate storage and 
transportation skins processes. 
- Bad handling of cattle in the 
farms, reducing quality of the 
skins. 
- Environmental cost of the 
tanning process. 
- Low investment in technology 
that improves productivity and 
reduces environmental impact 
of the tanning industry. 
- Lack of programs of 
decontamination and 
environmental certifications in 
the tanneries. 
- Slow technological evolution. 
- Informality and smuggling in 
the manufacturing and 
footwear industry. 
- Deficiencies in design and 
quality. 
- Lack of schemes of 
collaboration. 
- Obsolete methods of 
conservation and treatment of 
skins. 
- Strong environmental 
restrictions that affect the 
tanneries. 
- High international 
competence by quality and 
design. 
- Lack of economies of scale. 
- Smuggling of finished 
products. 
- Massive entry of Asian 
products with very low prices. 
- Displacement of internal 
market towards imported 
products, especially Chinese 
products. 
 
 
- Extension of the cattle industry. 
- Recent investment on the 
modernization of the 
refrigeration industry. 
- Even with the limitations in the 
quality of the skins, tanneries 
obtain products of high quality. 
- Improvements in the cattle 
industry. 
- Progressive modernization of 
the skinning process. 
- Increase in international 
demand for skins. 
- Commercial agreements and 
tax preferences. 
- Investments in cleaner 
production and certifications of 
quality and environmental 
management in tanneries. 
- Improvements in design and 
quality to access the European 
market. 
- Establishment of associative 
schemes to increase 
productivity and 
competitiveness. 
- Development of commercial 
fairs, missions, and show rooms 
to promote the products.  
Weaknesses and strengths of the leather industry in Colombia, (DNP, 2007) 
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Appendix H 
Complementary information on the coding and clustering process, sub-themes and themes 
that emerged during the clustering process 
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Coding and clustering process 
The coding and clustering process was explained as part of the research methodology in 
chapter 3. Here the intention is to present how the coding and clustering process lead the 
analysis of the interviews and the discussion around the most important aspects found during 
the case study. In order to do that a graphic scheme explaining the four stages of the coding 
and clustering process with their inputs, outputs and activities was developed. This scheme is 
presented in the following figure. 
 
 
Stages of the coding process with inputs, outputs and descriptions 
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The first two stages of this coding process were explained in Chapter 3 as part of the research 
methodology. After all the transcriptions were broken into codes according to the template 
used during the second stage of the coding process, each code was printed and all the quotes 
coded by that code were analysed. In this sense a book of codes was built with all the codes 
and all the quotes coded from the transcriptions. With this book of codes a third stage of the 
coding process was carried out, in this case not by transcription but by code. The first purpose 
of this analysis was to cluster different codes into themes around similar emerging topics. 
However, after few codes were analysed, it was found that one code could cover more than 
one major idea and that the two or three major ideas in one code were not necessarily part of 
the same theme. With this, the analysis of the codes changed from clustering them into 
themes to developing sub-themes. A sub-theme was considered as one major idea that could 
be found in different codes. After this third stage of the coding process was completed one 
hundred and two sub-themes were found. This initial number was reduced in an iterative 
process to fifty-eight single sub-themes. The complete list of sub-themes with an explanation 
of each one is presented bellow. 
 
Description of Subthemes – Coding process 
1. Manual design adds value to the product. Manual design when is traduced in details that 
have to be produced manually. It is considered as a feature of differentiation and insurance 
against copy. 
 
2. Manual design is practical. Design relies in the ability of the people who design in the 
industry (model makers), using technology to design is not as efficient, more time and 
resources are used. 
 
3. Design: internal and external activities. Design is done between factories and external 
stakeholders (model makers) in many iterations starting in general from previous models and 
improving them until the final models. The internal part of the process is done directly by the 
owners and there is not a lot of participation from employees. 
 
4. Technology in the design process is only used in the initial search of concepts. This use 
reinforces the idea of factories being followers of trends and not innovators. In terms of 
technology for other stages of the design process there is a general lack of awareness about 
the possibilities of software, rapid prototyping, collaborative design platforms or other 
technological tools. However in general the idea of using technologies is positive. 
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5. Knowledge, time and costs main barriers to adopt technologies. These barriers are the 
main obstacles to adopt technology for any purpose. In general the companies interviewed are 
in a very basic stage of use of technologies (email and internet for searching) and the main 
purpose is basic communication with clients and suppliers replacing temporally a phone call 
(commercial use). However even if they are basic technologies SMEs describe the adoption of 
these technologies as a big and positive change for their companies. 
 
6. Limited space to innovate by economic pressures. SMEs in the industry are more concern 
about daily survival than in the opportunity to innovate and develop new projects. 
 
7. Very similar design process but very different criteria to design. The general stages of the 
design process are almost the same between SMEs but there are some companies more 
oriented to quality, comfort and trends while there are others more oriented to costs and 
trends. In general trends in design of shoes are seasonal and related to geographical 
characteristics and are the most important design criterion. 
 
8. Stakeholders’ roles, barrier for integration. Some of the roles defined in the industry act as 
barriers for integration of the stakeholders. It is supposed that clients do not interfere largely in 
the design process. 
 
9. Unfair payment and commercialization systems. Producers expressed diverse concerns 
about difficulties with how clients are used to pay the products and how they produce without 
any advance payment in their own risk. 
 
10. Complex industry more competition than collaboration. The leather and shoemaking 
industry is recognized as a large industry with many factories in a fierce competition for the 
market. There is not collaboration between factories to develop new and better practices or 
join production capacity. Breakdowns in the supply chain, operatives and ethical. 
 
11. SMEs do not have a business strategy. In general SMEs in the industry do not have a 
declared and clear business strategy. In some cases it was evident the lack of knowledge about 
how to make a business strategy. 
 
12. It is a highly resource demanding industry. It is an industry that for its normal way to 
operate demands a lot of resources that in many cases are just waste because of the 
traditional dynamic of making samples. In average one SME make between 30 to 40 models 
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for collection that in different colours, combinations and materials represent between 90 to 
120 samples. This amount of samples has to be multiplied by two, three or four depending of 
the number of collection that the company launches each year. 
 
13. Suppliers play an important role. Suppliers are for SMEs the actor in the industry who 
comes with new materials, processes and innovations.  
 
14. Trends’ followers. SMEs in general design new products based on previous models 
already in the market, own previous products or coming from other producers in others 
countries, (incremental changes). 
 
15. Design is important but it is not defined as a separated function. Despite that design is 
considered important it is explained as part of the production process or as a static feature of 
the product that embodies (quality, fashion trends, good finishing, colours and materials). Then, 
it is a production process or a feature of the product but not a process by its own. Only one 
SME describe design as a tool to break paradigms. 
 
16. Resistance to use technology in the design process. Few companies, who mention some 
technology in the design process rather than Internet in the initial search of ideas, mentioned 
also bad experiences, inflexible tools and inefficient results as barriers to use technologies for 
design but they also recognize the importance of using technologies and that some of the 
problems are caused by lack of training and time to work with them (technologies). In general 
it is not clear the opportunities of using technologies in the design process. 
 
17. Local clients, local suppliers. In general the market of the SMEs is local and the materials 
came also from a national market with the exception of some consumables like glues that are 
imported. This feature could have positive impact in sustainable terms. 
 
18. Training is needed. It was found evidence in the interviews of needed training in different 
areas: business strategy, design, sustainability, administration, and production. The area where 
the companies are more confident is commercialization. 
 
19. SMEs very sensitive to the business environment but flexible. Because of the size and the 
limited financial capital these companies are very sensitive to changes in their business 
environment and other not directly related problems in the country like floods that can affect 
distribution, supply of materials and prices. Any of these problems can put them out of the 
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market, but at the same time because of this they had become very flexible to face these 
problems.  
 
20. Samples are expensive. The traditional dynamic of the industry to make and present 
physical samples in commercial fairs demands a lot from producers making them less profitable 
and using a lot of resources. This dynamic makes the industry very product oriented and with 
highly competitive between small producers. 
 
21. Clients want price and beauty. SMEs perceive that clients are mainly interested in good 
price and models that are consistent with the fashion trends. Aspects like quality, durability, 
comfort, fulfilment appeared few times in the interviews but other criteria such as ethics, how 
the shoes were made, source of materials, sustainability or corporate social responsibility are 
not mentioned as interests of clients when they buy shoes. 
 
22. Better structure less collections. It seems that there is a correlation between how well the 
SME is structured in terms of objectives, relationship with clients, design and general 
administration and number of collections a year. The SMEs that seems better organized 
produce less collections that the ones less organized that used to mention how difficult is to 
produce three or more collections a year to satisfy their clients. 
 
23. Commercial fairs are very important. Commercial fairs are the main point of contact 
between producers and clients. In these fairs the samples are evaluated by the clients and auto 
evaluated by the SMEs. The production of the SMEs is attached to these commercial fairs 
making production seasonal with implications for employment (lack in some times and 
oversupply in others) and use of the installed capacity. Another reason to participate is that 
SMEs make presence in the industry during the fields they become known and it is way to 
show they are a serious business. 
 
24. Production satellites another stakeholder in the industry. In part because of the variable 
production through the year and the lack of workforce in the pick of production SMEs give 
homework to satellites. They are small production cells conformed by 4 to 5 usually women 
working at home. Controversy between informality and source of employment. 
 
25. Training for employees. In this industry the majority of the employees are low trained 
work force. The people interviewed who were mainly owners and general managers 
mentioned the necessity to train their employees in other areas than production and work 
related topics. They mentioned training in humanities and in how to establish positive 
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relationships that help them as owners and leaders of the companies to work better with 
them. 
 
26. Passive vs. Active attitude to change. During the interviews it were identified SMEs with 
very active and positive attitude to change, to develop new projects and approach new ideas 
such as sustainable operation, while other SMEs revealed a more passive and negative attitude 
to change. They were more concern about to wait until a supplier, government agency or third 
party came to them to propose something. 
 
27. Lack of continuity using technologies. All the SMEs interviewed were part in a project of 
adoption of technologies however the majority of them after two years are not using one or 
more of the technologies introduced in that project. It seems some of the technologies 
introduced were no really connected to the needs of the SMEs, they already had a very similar 
technological solution (mobile communication) or the technology did not adapt properly to 
the industry requirements (production cost management). 
 
28. Heterogeneity in a transformation process. Part of the experiences mentioned by the 
SMEs about the project of adoption of technologies reflects problems because of the 
heterogeneity of the SMEs involved in the project. Some SMEs had more knowledge and skills 
using technologies than other and this caused problems and slow progress in the adoption and 
training developed during the project. 
 
29. Operation or Inspiration the reason to use technologies. The majority of the SMEs 
support their decision to adopt and use technologies in terms of operational improvements: 
communication with clients and suppliers, efficiency to send information about their products, 
easy access to information and dealing with the same information internally (production plans). 
Instead a small proportion of SMEs mentioned more inspirational reasons such as become a 
formal company, to learn new things and being involved in projects developed in the industry. 
 
30. Virtualization. The adoption and use of technologies have been reflected in a partial 
virtualization in some processes. It is more common nowadays for the SMEs to send photos 
and information about their products by email instead of visiting directly their clients. They are 
also changing physical catalogues by digital ones, however not everything is managed in virtual 
environments some of this commercial information is saved in CDs or printed in a parallel 
process. This virtualization has changed the dynamics of some process and relationships in the 
industry.  
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31. Generational relief. Because SMEs tends to be family companies’ generational relief is an 
important issue. In the SMEs where it was mentioned, it was used to explain that the most 
involved with the adoption and use of technologies in the company are the younger 
generations: sons, daughters, nieces, and nephews.   
 
32. Technology to become more formal. Basic technologies to take photos of their products 
have helped SMEs to start to make historical files of the models designed. However they use 
to make register only of successful designs and the ones that are not sold are missed. 
 
33. Website for marketing. In general SMEs have a positive perception on having a website; 
however it is justified as a marketing tool to put information about their companies that the 
clients can search for. Other capabilities of a website are not considered. Despite the positive 
perception not all the SMEs interviewed had a website. 
 
34. Large clients don’t make business using technologies. Some of the SMEs believed large 
clients such as chains and supermarkets don’t use Internet and websites to make business and 
this kind of technologies are more suitable for small buyers and for small amounts that it is not 
their target market. These ideas go against to develop e-commerce platforms in the industry. 
 
35. Collaboration between SMEs and clients. In terms of design SMEs and clients collaborate 
in three ways. First, talking and sharing information about trends, materials and new concepts. 
Second, making small suggestions about the models during the commercial fairs and after when 
the shoes will be produced in large scale. Third, when a client approaches a SME with a model 
to be replicated as the same or as a similar model. The most common case of collaboration is 
the second one while the first and the third options were mentioned just by couple of SMEs. 
There is not technology involved in these collaborations and it is unstructured and very 
informal. 
 
36. Technology used during the commercial fairs. Just one SME mentioned to have a virtual 
catalogue and use a laptop during the commercial fairs to give clients the opportunity to look 
and compared the physical samples with previous models or to allow them to suggest 
modifications based on this historical comparison. 
 
37. Commercial fairs very competitive. One negative point mentioned about the commercial 
fairs is the large affluence of factories and sellers with national and imported products (Brazil, 
China, and Panama). Fairs are very competitive events where not always SMEs can sell and the 
initial investment to participate is large according to their conditions.   
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38. It is needed to invest in design. It is recognized the necessity to invest in design, what 
means to produce shoes that go with the fashion trends in the right colours and materials. 
However design is considered as an output and not as a organizational competence embodied 
in a dynamic process. 
 
39. Traditional industry. Shoemaking industry is a very traditional industry where the idea of 
touching materials, look and evaluate physical samples is very important and manual work is 
considered as a valuable handcraft. Some of these features go against concepts such as 
virtualization, e-buying, e-commerce. 
 
40. Lack of technical tests and certifications. None of the SMEs interviewed have a product, 
service or system certification. One of SMEs mentioned also the lack of technical bodies in the 
industry that can make technical tests about features such resistance, deformation, durability. 
There was only one research centre that it is too expensive for a SME. Inside the SMEs there is 
no evidence of use of simulation during the design and production process to measure this 
features.  
 
41. What is the recognized role of the industry’s associations? Associations are recognized as 
an important stakeholder. The main function is to organize the commercial fairs. Training and 
knowledge transfer are also recognized as one of their functions. However from the interviews 
it was evident a general discontent of the SMEs with the associations because SMEs consider 
association are not very transparent and there is lack of support in important topics such 
technical assistance, commercial safety and commercialization conditions. 
 
42. Design supported by the industry’s associations. In terms of design just two SMEs 
mentioned to receive support from the associations through the “Concepts Workshop”. One 
of this SME was the only also who mentioned design in terms of process of evaluation of 
context, trends and requirements. 
 
43. Lack of traceability. Some of the SMEs mentioned to know that some of the materials 
that they use in the production process are imported and sold by distributors in the country 
but they also recognized acknowledge about where the materials come from originally. This 
lack of traceability has also relation with the lack of registers about technical characteristics of 
materials and the idea that only successful models (the ones that are sold in the commercial 
fairs) are saved in photographic registers. 
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44. Market perceptions. SMEs seem to validate their design decisions also on the perception 
that they have about international markets. For example, that European models represent the 
most current trends or that the US market demands shoes more fashionable but less durable 
because they change models very often. 
 
45.  Model makers. They are the recognized designers in the industry. They are an external 
party that work with SMEs to develop the models used to make the samples and later the final 
production. They use to work manually translating photos and sketches into models done in 
cardboard using a pantograph. Few SMEs mentioned they believe their model makers use 
some technology to scale the models but they were not sure about it.  
 
46. Speed to develop new models. The majority of the SMEs perceive clients are more and 
more demanding about the number of collection expected a year. New materials, new 
models, more samples. SMEs recognize as important to produce models but also they said that 
it is too expensive to change continuously the collections. Changing models is considered as 
innovation but there is not a profound change in how SMEs work or in the type of products 
produced, it is more create variations around the same concept. 
 
47. Sustainable operation awareness. In general SMEs do not know about sustainable 
operation and the information they have is more related to general news in the country that 
do not affect them. There is some recognition about the negative impact of the industry but 
produced by other actors in the supply chain. 
 
48. Passive attitude facing sustainable topics. Despite that SMEs had heard about options to 
use for example ecologic glues, the majority only mentioned it as a rumour but because no 
one (distributor, supplier) has approached them they are not using it. There is a passive 
attitude to face the topic but they are open to listen about it.  
 
49. Government friend or enemy? In terms of projects and issues around sustainable 
operations some SMEs mentioned actions taken by government agencies that they believed 
are against factories and that can put them out of business because the requirement to 
produce in a sustainable way are too high for them. They do not think there is a lot of space 
to negotiate in these situations. 
 
50. Sustainable operations only for international markets. There is a believe that only factories 
who have international markets have to be worried about to produce in sustainable way 
because the national market do not have any requirement about it but overseas markets have. 
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In the same logic they believe only suppliers and distributors who come from other countries 
and travel are the ones who know about sustainability. 
 
51. Sustainable projects need alliances. Only two SMEs mentioned concrete projects about 
sustainable operation, one oriented to environmental benefits and the other focused in social 
impact. Both of them mentioned the projects in alliance with a supplier in the first case and 
with a government agency in the second. Other SME mentioned intentions to develop a 
project of recycling but nothing concrete. 
 
52. Sustainable operation is expensive. SMEs believe their situation especially by economic 
pressures is very difficult and dealing with sustainable issues is to expensive and demanding for 
them. 
 
53. Clients are not interested in sustainability. Various SMEs mentioned they do not believe 
clients are interested in sustainability as a criterion to buy their products. 
 
54. Services are not recognized within the industry. It is an industry very product oriented; 
SMEs do not see possible services to offer. Only one SME mentioned to sell design as a service 
(models and physical samples) for other companies and also design and produce special 
projects in small quantities as a service (customisation of products). 
 
55. E-commerce, positive perception. In general SMEs have a good perception about e-
commerce but none of them have implemented it. The major concern about e-commerce is 
safety (payment and reliability of the system). 
 
56. Informality vs. Formality. SMEs complain about the high level of informality in the industry. 
According to them there are a lot of factories that do not comply with all the regulations and 
because of than they can sell cheaper in an unfair competition. This contributes to have a war 
of prices in the industry. 
 
57. Responsibility from producers of raw materials. In general there is recognized a lack of 
interest from producers of raw materials and supplies in the supply chain to take responsibility 
about the environmental and social impacts derived from their products. It is very difficult to 
think on define the final impact of a shoe because of this lack of information of sub materials 
and production processes involved. 
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58. Fraud. One major ethical problem in the industry is the repetitive cases of fraud. False 
clients that after they receive the products do not pay part of the total price of the production. 
SMEs complain the lack of communication between factories to avoid this problem but also 
lack of help from the associations. 
 
These sub-themes emerged from the codes and are related to different quotes coming from 
different transcriptions. With the final fifty-eight sub-themes a clustering process was carried 
out to define themes and build narratives covering the most important ideas and aspects found 
in the case study. This development of themes was the fourth and final stage of the coding and 
clustering process. 
Building the themes 
In order to develop themes that could group different ideas found during the coding process 
each sub-theme was analysed in relation to the main subjects involved in the research. The 
objective was to find the main idea or concept in each sub-theme on an individual basis and 
then see the relationships between the different sub-themes. 
During this process six themes were built: role of design, sustainability in SMEs, use of 
technologies, business environment, stakeholders’ relationships, and business tradition and 
dynamic. Each theme covers two to three main aspects and has between nine and 12 sub-
themes. The reason why the numbers of these subthemes in each theme are not ordered is 
that they came directly from the list presented above as part of the clustering process. A 
general description of these six themes is given below. 
Role of design 
Understanding the role of design in the SMEs. Identifying how this role can contribute to 
transforming these SMEs to be involved in the design of sustainable PSS. 
Sub-themes involved:  
1. Manual design adds value to the product. 
2. Manual design is practical. 
3. Design: internal and external activities. 
7. Very similar design processes but very different criteria to design. 
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14. Trend followers. 
15. Design is important but it is not defined as a separated function. 
21. Clients want price and beauty. 
38. It is necessary to invest in design. 
42. Design supported by the industry’s associations. 
44. Market perceptions. 
Sustainability in SMEs 
How SMEs perceive the concept of sustainability and under what conditions it is possible to consider 
to encouraging sustainable practices throughout the design of sustainable PSS. 
Sub-themes involved:  
47. Sustainable operation awareness. 
48. Passive attitude facing sustainable topics. 
49. Government: friend or enemy? 
50. Sustainable operations only for international markets. 
51. Sustainable projects need alliances. 
52. Sustainable operation is expensive. 
53. Clients are not interested in sustainability. 
54. Services are not recognized within the industry. 
57. Responsibility from producers of raw materials. 
Use of technologies 
Analysis of how SMEs adopt and use ICT, the relationship of the use of ICT to the design process, 
and how ICT contribute to design sustainable PSS. 
Sub-themes involved:  
4. Technology in the design process is only used in the initial search of concepts. 
5. Knowledge, time and costs are the main barriers to adopt technologies. 
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16. Resistance to the use of technology in the design process. 
27. Lack of continuity using technologies. 
29. Operation or inspiration as a reason to use technologies. 
30. Virtualization. 
32. Technology to become more formal. 
33. Website for marketing. 
36. Technology used during the commercial fairs. 
55. E-commerce, positive perception. 
Business environment 
What is the business environment for the SMEs. How SMEs respond to changes in that business 
environment and what are the implications of having, or not having, a business strategy for the 
design of sustainable PSS. 
Sub-themes involved:  
6. Limited space for innovation due to economic pressures. 
9. Unfair payment and commercialization systems. 
11. SMEs do not have a business strategy. 
18. Training is needed. 
19. SMEs very sensitive to the business environment but flexible. 
25. Training for employees. 
46. Speed to develop new models. 
56. Informality vs. formality. 
58. Fraud. 
Stakeholders’ relationships 
Understanding the SMEs’ relationships with other stakeholders in the supply chain particularly in 
relation to design, communication, and sustainability. 
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Sub-themes involved:  
8. Stakeholders’ roles are a barrier for integration. 
10. Complex industry, more competition than collaboration. 
13. Suppliers play an important role. 
17. Local clients, local suppliers. 
23. Commercial fairs are very important. 
24. Satellites, another stakeholder in the industry. 
34. Large clients do not use technologies. 
35. Collaboration between SMEs and clients. 
37. Commercial fairs very competitive. 
41. What is the recognized role of the industry’s associations? 
45. Model makers. 
Tradition and business dynamic 
Understanding if the tradition of the SMEs in relation to design, production, and commercialization in 
the industry are facilitators or barriers to design sustainable PSS. 
Sub-themes involved:  
12. It is a high resource demanding industry. 
20. Samples are expensive. 
22. Better structure, less collections. 
26. Passive vs. active in attitudes to change. 
28. Heterogeneity in a transformation process. 
31. Generational relay. 
39. Traditional industry. 
40. Lack of technical tests and certifications. 
43. Lack of traceability.  
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The result of the coding and clustering process can be looked at in terms of hierarchies and 
information embedded in each level, as illustrated in figure below. One theme has various sub-
themes, each sub-theme has from one to six codes embedded and each code is represented 
by quotes coming from one or more interviews. This analysis of coding and clustering followed 
the methodology presented in Chapter 3.  
 
 
Hierarchy in the coding and clustering process 
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Appendix I 
Complete transcription of one of the 16 SMEs interviewed during the main study 
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Transcription Interview Company A - Main study 
 
Researcher :  Bueno entonces Don Jesús para comenzar por el principio, a que se dedica la 
empresa? cual es como su actividad principal? 
Interv iewed: Es la producción, comercialización de calzado de dama. Calzado en cuero. 
Listo, a qué tipo de clientes atiende la empresa? me explico grandes distribuidores, pequeños 
almacenes, tienen un punto de venta directo? 
Nosotros, la empresa tiene el 13 de junio cumple 10 años de iniciar labores no. Pues toda la 
vida he estado en empresa privada y llegue acá como se dice en paracaídas, pero ya vamos a 
cumplir 10 años. Nosotros trabajamos lo que es todo Colombia, ciudades intermedias y 
grandes y las capitales en Colombia y atendemos clientes cadenas de almacenes como 
también pequeñas almacenes en los diferentes regiones de Colombia. 
Listo, tienen punto de venta directo? 
No, no tenemos punto de venta directo. Tuve pero no justifica, si nos dedicamos a producir 
vamos a producir, porque es que Bucaramanga es muy congestionado, es muy competido la 
venta en calzado, y hay mucho almacenes, entonces para la ciudad tan pequeña no justifica 
porque no se está haciendo nada al respecto. 
El sector de calzado, la industria del calzado aquí es bien bien fuerte. 
Muy fuerte, hay mucha fábrica. 
Muchos almacenes. 
Si porque yo creo no más registradas en Bucaramanga, registradas hay más de 15000 fábricas, 
pequeñas y medianas, hay otro tanto sin registrar. Entonces aquí en Bucaramanga hay 
muchísimo, porque esta todo lo que es la parte de san francisco, esta cabecera, toda la zona 
de cabecera, primera, segunda, tercera, cuarta etapa, esta cañaveral, la florida, los tres San 
Andresitos, un centro comercial que se llama panamá, ósea no hay cama para tanta gente. 
Y en términos de fabricas también por ejemplo yo he tenido la oportunidad esta semana de ir 
a barrios como por ejemplo san miguel, y también hay mucha fabrica. 
Usted llega y pasa por los diferentes barrios, por ejemplo sobretodo san francisco, san miguel, 
la joya, inclusive san Alonso, usted ve casas normales, pero todo son fabricas, todo son 
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fábricas. Por ejemplo san francisco casi un 80 % de las casas son fabricas, san miguel un 80% de 
la casas son fabricas. Claro, uno no las ve pero ahí están funcionando fábricas. 
Bueno a nivel de proveedores, son proveedores nacionales, son proveedores extranjeros, son 
proveedores regionales? 
Los proveedores que nosotros tenemos, que tiene calzado parrys son nacionales, nosotros 
trabajamos directamente con las fabricas, yo trabajo directamente con las fabricas, muy poco lo 
que compro por fuera. Yo compro directamente a las fabricas y como aquí se consume es 
cuero todo me lo mandan de Bogotá, todo de Bogotá directamente de las curtiembres. 
Se me paso de la pregunta anterior, hay mercado internacional, han exportando en algún 
momento? o han pensado en exportar? 
Algunos años se ha enviado para ecuador y para Venezuela, pero no como exportación, hay 
que gente que dice estoy exportando pero eso el falso porque nosotros colocamos en 
frontera. Nosotros colocamos en frontera y los que compran las cadenas hacen todo el 
proceso de exportación, ósea que nosotros en si no estamos exportando, estamos vendiendo 
para otros países pero colocamos en frontera.  
Listo perfecto, ya entrando como un poquito más en materia de la parte del proyecto 
MiPYME Digital, me gustaría saber cómo a groso modo digamos que como les fue? que los 
motivo como tal a participar del proyecto? y la experiencia en general digamos cosas positivas, 
cosas negativas, como les fue? 
Como le comento propiamente el que hizo todo el proceso fue el hijo, él fue quien se 
encargo de todo ese proceso, pero es una bonita experiencia porque realmente hoy en día 
nos toca utilizar otro tipo de medios para poder llegar al consumidor, entonces es una de las 
formas mucho más fáciles de nosotros podernos comunicar con los mismos clientes de 
nosotros y con los proveedores. Porque aquí es muy fácil, abren el correo de una vez miran 
cual es, que es la colección que tenemos para este año. Muchas veces la gente hace los 
pedidos sobre esa misma muestras que ven por Internet. 
Listo, en ese sentido como se maneja la relación con los clientes? cual es el principal medio 
para manejar las relaciones con los clientes? me explico, teléfono, ahora el correo electrónico, 
la compañía tiene pagina web? 
Mire nosotros casi con los clientes, nosotros hacemos un contacto muy personalizado. Quiero 
decir nosotros siempre nos encontramos con ellos dos, tres veces al año en las ferias, 
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entonces ya son clientes que lo buscan a uno. Entonces es muy personal, segundo, los otros 
contactos se hacen telefónico y tercero por correo. 
La empresa tiene pagina web? 
Si hay una página web que tenemos que se monto Fabián Alberto  y si ha funcionado, ha 
funcionado bastante, ha funcionado. 
A través de este tipo de tecnología, hablamos por ejemplo ahorita de los catálogos, las 
colecciones y eso, los clientes solicitan por ejemplo que les envíen fotos, que les envíen como 
detalles del producto? 
Si, definitivamente la gente lo que quiere, inclusive en estos momentos, en estos momentos 
hay como unos cinco o siete clientes que no fueron a la feria de Bogotá, entonces me han 
llamado, no que les mande las fotos por correo y ya. Si no, ya ellos, eso es mucho mas fácil 
porque ellos ya conocen el producto, conocen la calidad del producto entonces simplemente 
miran el diseño y dice de tal referencia tantos, de tal referencia tantos. Algunas veces se le 
envía es ya la muestra física. Entonces ellos miran la muestra, hacen el pedido y le regresan a 
uno nuevamente la muestra física. 
Yo tengo entendido que en esta industria de calzado el tema de las ferias es bien importante. 
Tengo entendido que aquí hay una que es muy importante que se hace dos veces al año y en 
Bogotá hay otra que se hace dos veces al año, que también es como importante. Como 
experiencia en las ferias, digamos que cual es el valor agregado de ir a una feria? 
Yo cuando comencé con la fábrica, empecé de una vez, cuando eso comenzó el auge de las 
ferias en Bucaramanga. Entonces yo el mismo semestre que empecé nosotros participamos en 
la feria internacional del calzado de Bucaramanga, que fue en el 2001, exactamente creo que 
fue la de Julio del 2001. Si, entonces es muy importante cuando uno inicia la feria porque se da 
a conocer, muchas veces uno tiene la idea de que uno va a la feria a tomar pedidos pero 
realmente no es así porque muchas veces, no se hacen pedidos, pero si los clientes van viendo 
todas las ferias ha calzado parrys, calzado parrys y se van memorizando el producto y si esta 
aquí es porque el zapato es bueno. Entonces eso es muy bueno porque ahí uno arranca con 
buenos clientes y eso es lo que ha hecho calzado parrys. Yo en el momento de que empecé 
de cero, ahoritica cuento con más de 180 clientes que están inclusive desde los que yo 
empecé en el 2001, todavía están y cada día más, van llegando más y en la feria entonces uno 
es donde realmente tiene los contactos con ellos y es beneficioso para la empresa en ese 
sentido. Tiene otras falencias, la feria tiene otras falencias es que hay, la competencia.  
Muchos fabricantes? 
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Mucho, muchos fabricantes reunidos. Entonces que sucede, cada día la tendencia del producto 
es, las utilidades son mínimas, se van reduciendo porque uno sigue vendiendo un año, dos 
años, tres años con los mismos precios del producto sin poder subir porque la competencia 
entonces le da precios mucho mas economicos, entonces esa es una de las fallas que hay que 
eso se ha convertido como en un mercado persa, llamémoslo así, no sé. Entonces si yo doy a 
X precio el de al lado me lo coloca 500 pesos menos y entonces el otro le quita otros 500 
pesos, muchas veces lo que se hace es que, eso se lo ha dicho a uno el cliente, no se le 
cumple al cliente porque la gente por vender, vende a un precio inferior cuando van a 
producir se dan de cuenta que el producto se le pierde plata, no despacha la mercancía y 
estamos quedando mal todos porque realmente no le cumplió al cliente. Entonces esa es la 
fallas que yo veo, que se está generando es mucha competencia llamémosla desleal sobretodo 
las personas que producimos cuero que somos pocos, llevamos más del bulto porque la gente, 
los clientes quieren pagar el producto igual que el sintético. Muchas veces las gente, uno vende 
cuero entonces como el sintético es mucho mas económico, entonces quieren pagar el 
producto de cuero al mismo precio del sintético entonces es imposible hacerlo. Por eso es 
que la persona que produce sintético eso tiene utilidades más alta que los producimos cuero. 
Listo ya entiendo, bueno, vámonos a otro tema que me interesa que es como la parte del 
diseño, del proceso de diseño de un zapato en forma general, digamos que sin mayores 
detalles cuando aquí en calzado parrys deciden bueno vamos a diseñar un zapato, un par de 
zapatos, un modelo. Cual es como ese proceso que se sigue para diseñar un zapato? 
Bueno el proceso es que nosotros por Internet pues entramos a las colecciones italianas, 
mexicanas, brasileras, y entonces ahí nosotros, yo escojo, cojo más o menos la línea que yo 
tengo y que diseños me gustan y bajo eso de Internet. Le llevo esa foto a un modelista, que ya 
tengo de hace ya varios años, entonces le digo necesito esto, entonces él me hace, me diseña 
ese zapato de acuerdo, se hace la muestra, se lleva a la feria o al cliente, si se vende entonces 
se manda a escalar todo lo que es la numeración del 34 al 40. 
En ese proceso bueno listo digamos que Internet encontramos algunas ideas, cosas que nos 
gustan y eso se le lleva al modelista, de ahí para allá el proceso es manual o tiene que ver 
también algo de tecnología en el proceso? me explico digamos todo lo que hace el modelista 
los dibujos, los modelos ese tipo de cosas es manual o el también usa algo de tecnología? 
Usa si, esto fuera de Internet nosotros también esto miramos mucha revista. Por ejemplo la 
cámara de comercio cuenta con una buena colección, muy actualizada de los nuevos diseños 
que hay, de las colecciones. Entonces nosotros también acudimos a esas partes para mirar que 
nos sirve y otras empresas también, hay ciertos también proveedores que también tienen, 
traen revistas, con muchas tendencias, entonces también se mira todo eso. El diseñador, el 
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modelista eso lo saca la mayo...un 80 % yo creo que es muy manual, muy artesanal. Pero 
ahoritica ellos, ya todo lo que es escalada lo hacen por medio del computador. Anteriormente 
se hacía manual utilizando, no recuerdo el aparato ese, entonces se hacía manual, ahora no, 
ahora todo lo hacen por computador, por computador. 
Bueno y después, nos vamos a saltar un pedazo digamos que se hace toda la muestra, que 
tiene un proceso de producción como tal, un proceso y al final tenemos como tal ya una 
muestra. 
Una muestra sí. 
Ustedes llevan un registro como tal de todos los modelos que van haciendo? de todas las 
muestras que van haciendo? me refiero un registro digital? 
Si, si, se lleva, se hace un registro de todas las muestras que se sacan para cada colección. De 
esas muchas veces se escogen las mejores, porque hay unas muestras que después de que se 
hacen como que a uno no le llaman la atención y eso no se lleva, se trata de escoger lo mejor. 
Y lógico eso se le lleva una ficha, una ficha técnica a cada estilo. 
Listo, bueno y ahora digamos que tenemos aquí fotos que a veces nos piden los clientes  y ese 
tipo de cosas, adicional a eso hacemos un catalogo como tal físico de los productos 
normalmente? 
Hoy en día ya el catalogo, yo lo hacía, pero hoy en día ya no por la cuestión de que es una 
inversión muy alta y no justifica, porque usted le manda un CD. 
Y los clientes lo reciben bien? 
Claro, claro usted le da un CD a la gente y ahí tiene toda la colección de uno. En cambio, y es 
mucho mas económico porque uno mismo puede quemarlo. 
Si, si claro ustedes aquí digamos que mismo lo hacen digamos que escogiendo las fotos que 
quieren. 
Si, si claro. 
Bueno, eso es interesante. En esta parte del diseño, se ha dado el caso la experiencia de que 
algún cliente, si, intervenga en el proceso de diseño o quiera intervenir en el proceso de 
diseño? que diga mire a mi el zapato me gusta pero esto no me gusta? 
Si, sí, claro, después de que se hace el estilo, se fabrica el zapato a veces hay que hacerle 
cambios porque el cliente dice a mi no me gusta que traiga esta pieza, me hace el favor me 
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quitan esta pieza o no me gusta ese tipo..,la vena que trae es una vena que se echa de lujo, hay 
unos que les gusta, otros no. No es que mi me gusta, los clientes míos son señoras que les 
gusta que zapato que sean lisos, que no traiga casi costuras, entonces hay una serie de cosas 
que a veces por el camino hay que ir satisfaciendo los gustos. 
Listo y en algún momento de pronto le han propuesto como tal un diseño, como mire yo 
quisiera este zapato. 
Ah si, si, si claro hay gente que le dice a uno y le traen muchas veces la muestra o le traen a 
usted la foto de un zapato, mire es que yo vendí este zapato hace tantos años y se vende muy 
bien, sáqueme este nuevamente este modelo. Entonces que son modelos que no eran de uno 
pero que ellos se los traen puede ser de la competencia o de una foto.  
Listo, volviendo un poco al tema de tecnología. Han pensado o ya lo están haciendo, eh, 
vender a través de Internet, tener comercio electrónico a través de su página web? que el 
cliente tenga la oportunidad de hacer el pedido, de pagar, de hacer todo a través del sistema? 
No, sería fundamental, seria excelente hacer eso pero va uno por pasos, pero si yo creo que la 
tendencia es llegar allá.  
Listo, interés hay, digamos que en algún momento. 
Claro, claro en algún momento. 
Ya vamos como hacia la parte final de la conversación y hay dos temas de los que quisiera 
hablar. Uno es la parte de bueno, el tema de sostenibilidad ha venido como cogiendo mucha 
fuerza en el mundo y Colombia no es ajena a eso, digamos que parte ahí es gestión ambiental, 
todo lo que tiene que ver con cuidado del medio ambiente a nivel industrial estoy hablando y 
la parte como de responsabilidad social corporativa y si como las empresas de alguna u otra 
forma trabajan con su comunidad, bueno digamos que todo ese tipo de cosas. En algunos 
sectores esa tendencia de sostenibilidad y ese hablar sobre sostenibilidad es mucho más 
evidente que en otros por los mismo impactos que producen unas industrias u otras. Cierto, 
listo. En la industria del calzado don Jesús  ha escuchado algo por parte de proveedores, por 
parte de clientes sobre el tema de sostenibilidad. 
Si, mire yo soy de las personas que verdaderamente soy amante de la naturaleza, soy amante 
de la naturaleza. Yo soy una persona que primero sobretodo la cuestión de los arboles, me 
gusta protegerlos y no me gusta que los dañen y le cuento algo, anteriormente tuve varias 
fabricas, eh, varias fincas cacaoteras y una ganadera y toda esa serie de cosas antes de esto y 
yo no dejaba tumbar un arbol, esa finca en ese sitio se llamaban cielo roto porque llovía todos 
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los días, porque había mucha arborización y yo le decía a los empleados les decía si ustedes 
me tumban un árbol me tienen que sembrar 10. No dejaba tumbar un árbol...entonces de 
verdad que yo siempre me considero que no soy, como le dicen , no, llegue hace poco al 
calzado, pero me considero una persona que voy un poquito adelante de que todos los que 
son fabricantes antiguos de calzado, lo que llamaban zapateros. Porque yo si primero, en 
primera medida trato con productos que sean muy ecológicos, yo trabajaba con, trabajo con 
todos los pegantes italianos, yo no trabajo sino con puro pegante italiano, lo mejor, para una 
mejor calidad y ahorita me he pasado a pegantes que son ecológicos. En estos momentos hice 
una inversión de una maquina que es, que se necesita para, es italiana, costo, valió 5 millones 
de pesos que es una inversión pues no muy grande pero que es una inversión que hay que 
hacer, ya está la maquina ahí, y vamos a trabajar pegantes ecológicos, un pegante que es a base 
de agua. Es como trabajar el colbon. 
Y ese interés por ejemplo de trabajar pegantes italiano, es una iniciativa propia? o de pronto 
algún cliente le dijo mire yo pues a mí me interesa que los pegantes sean más amigables como 
con el medio ambiente? 
No, anteriormente trabaja pegantes con solventes, pero son italianos porque el producto 
nacional en ese caso no tiene la misma calidad, es más costoso el italiano pero el producto 
usted va a la fija. 
Es mejor. 
Es mejor en ese sentido, ahora ya con productos italianos voy a trabajar, estamos trabajando 
ya todo lo que es ecológico. Empezamos con toda la parte de lo que es armado. Es el 
producto, el pegante más peligroso que hay, que es la solución de caucho. Es un pegante muy 
volátil, es una pegante que inclusive prende solo, y lo toxico que es y lo dañoso que hay para 
el organismo. Entonces por salud, por el medio ambiente y porque es un pegante que de 
excelentes resultados. 
Muy interesante me parece el tema, y ya lo está empezando a usar, cierto? 
Si nosotros ya estamos en este momento en este año estamos en ese proceso. Estamos, 
como se llama, la niña de la JB que es la que distribuye esos pegantes italianos esto, está en 
proceso de enseñar, no sé cómo le dijera la palabra ahí, están en prácticas las niñas de armado 
con ese tipo de pegante, a principio muy reaseas porque la gente es muy reasea a los cambios, 
pero se dieron de cuenta que es muy práctico, y es muy sencillo para trabajar esa máquina. 
Y incluso mejor también para su salud? para ellas. 
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Claro, no, no es que eso no huele absolutamente a nada, esa máquina tiene unas aspiradoras y 
no levanta nada de bruma, ni polvillo, absolutamente nada, eso es, mejor dicho coja colbon en 
la mano y es el mismo proceso lo que usted está trabajando con colbon a base de agua. 
Listo, listo eso me parece muy interesante y es como iniciativa de la compañía. 
Tambien, con la misma máquina pero utilizando otro pegante también italiano, también a base 
de agua sirve para lo que es la montada y para la ensuelada, aunque esos pegantes ya son 
menos tóxicos, son menos, menos explosivos, menos volátiles, pero la tendencia es, pero 
entonces me toca hacer inversión para otra máquina porque hay que trabajarla con otra 
máquina porque son pegantes diferentes, entonces y ya entonces se puede hacer todo el 
proceso ecológico. Muy costosos, esos son pegantes donde una garrafa vale 300000 pero le 
da, rinde mucho, una garrafa hace lo de cuatro latas del otro pegante, es una cosa por otra. 
Por otro lado yo no sé, es parte de lo que estoy conociendo del sector, la industria del calzado 
en Colombia tiene algún tipo de regulación por ejemplo que les diga a ustedes, mire deberían 
hacer esto así, deberían  hacer esto asa, volvemos al punto, desde el punto de vista ambiental, 
desde el punto de vista de gestión ambiental o no hay ese tipo de normas? 
Pues yo no conozco, no las conozca. Cada uno lo hace por su iniciativa, no. 
Listo, perfecto. 
Pero no las conozco. 
En realidad yo tampoco se, si las haya o no, digamos justamente ese es parte del proceso. Y 
bueno ya finalmente y digamos que también es una pregunta como mas de percepción, el 
tema de servicios. Digamos que también, digamos que los clientes, cualquier tipo de industria, 
casi cualquier tipo de producto hoy en día están muy interesados en todos los servicios 
asociados al producto. Hay industrias en las que eso es un poco más notorio que en otras, 
digámoslo así cierto, por el tipo de producto que le venden. En esta industria que es calzado 
básicamente, de pronto no es tan fácil ver eso, como ese valor agregado a través de servicios 
porque pues en las últimas el producto físico que es el zapato es como la parte importante de 
alguna u otra forma de la compra. Cierto, sin embargo también hago la pregunta si se ha dado 
el caso de pronto de clientes, de proveedores, que le pregunten por algo mas, que quieran 
como si algún tipo de servicio asociado a los zapatos. 
No, yo no, yo no lo he notado, no he captado esa intensión por parte de los proveedores, 
realmente en ese caso como que el fabricante es el que tiene que buscarlos a ellos y pagarles 
de contado. Pero no propiamente a nivel nacional es muy poco lo que se hace por parte de 
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los fabricantes, sobretodo de insumos, de buscar de pronto algo así, es más bien de parte de 
algunos distribuidores que traen productos importados, por ejemplo brasileros, o españoles o 
productos italianos, son las personas más interesadas como en innovar, en traer productos 
ecológicos, en traer al mercado calidad. 
Ya para terminar, yo tengo entendido, dos preguntas, yo tengo entendido que este sector del 
calzado, digamos que la industria del calzado es bien dinámica en cuanto por ejemplo cambio 
de modelos, cambio de líneas y ese tipo de cosas, digamos que se mueve bien rápido, en 
algunas entrevistas que he tenido hay personas que me han dicho mire, normalmente se 
cambiaba como dos veces al año, digamos que por las ferias, pero en algunos casos incluso 
hemos llegado a cambiar dentro del mismo semestre a la mitad del semestre porque pues así 
no lo piden, o porque, listo, para calzado parris como funciona ese tema como de innovación? 
Bueno yo diría lo siguiente, lo que yo digo hace unos años atrás se sacaba solo una colección 
al año. Hoy en día desde que empecé no saco sino dos colecciones, la de primer semestre y 
segundo semestre porque en la ventas que realizo cubren las expectativas de lo que yo 
produzco semestral, de pronto hay otros fabricantes que no pego el zapato, no vendió el 
zapato, entonces tiene que volver como se dice aquí vulgarmente recalzar los mostrario para 
tratar de volver a correría y volver a… 
Como a recuperar esa venta 
Como a recuperar esa venta y tener esos productos, entonces muchas veces la gente hace 
eso y de pronto también la falla que se presenta ahi es porque cuando sacan los estilos no 
saben escoger propiamente, hay que mirar muchas cosas, para que un zapato verdaderamente 
pegue, guste hay que invertirle en diseño, 
En diseño 
Hay que invertirle diseño. No hacer un zapato por hacer, si no hay que meterle diseño, 
costuras, cosas que hagan el zapato muy atractivo para las personas. 
Esos factores que hacen atractivo un zapato para las personas, pues difiere mucho de una 
persona a otra, digamos que obviamente, pero si quisiéramos como decir bueno que más o 
menos lo que mira la gente en un zapato es, que es? 
El verdadero, el comprador que verdaderamente lo hace, como le dijera, hay dos tipos de 
compradores, uno que compra por una necesidad que no importa, no miran si no el precio, el 
precio porque tienen la mentalidad de que bueno, ese zapato que nosotros llamamos que 
vulgarmente le dicen aquí basura, ósea zapatico de esos de combate de 10000 de 15000 
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pesos que son sintéticos, con muy baja inversión, pero hay también gente que si mira la calidad 
del producto, entonces lo primero que hay que ver es calidad, calidad en el producto, que es 
la calidad en el producto? un zapato que sea suave, que tenga confort, un zapato que no tenga 
problema de pegue, que no se despegue un zapato, un zapato que este muy bien presentado 
y usted entonces lo que está haciendo es posicionando marca. A mi me han pasado casos acá 
que de clientes que por x o y motivo no me pidieron en una feria porque estaba ocupado y 
pasaron tres y cuatro veces y siempre ocupado entonces al fin no los pude atender. Entonces 
en la siguiente feria, han vuelto y le digo yo, oye usted el semestre pasado no me pidió, no 
vine cuatro veces y usted no pudo, y es cierto no pude atenderlo entonces me conseguí un 
zapato muy parecido al de usted y lo compre, pero no cuando el cliente lo pide y el cliente lo 
coge en la mano y se lo calza le dice esto no, yo quiero es parrys. 
Ah que bueno ese posicionamiento de marca es bien importante. 
Es bien agradable porque no, lo cogen y no, no señor yo quiero es parrys. 
Entonces si eso es bien importante porque la gente ya sabe que lo que le gusta es ese tipo de 
zapato. De pronto por la calidad, porque es un zapato que nunca tiene problema de 
evolución, por los tipos de pegante, por los materiales que se utilizan. Entonces esos son los 
casos que se presentan, pero hay otras personas que no les interesa eso. A mí me ha pasado 
casos le cuento de clientes, de cadenas grandes y muy conocidas en Colombia que no las 
nombro, que me dicen no hermano deme más barato eso, eso no importa  que al otro día se 
despegue, cadenas. 
Grandes almacenes que uno dice 
Entonces cual es la respuesta mía, no podemos trabajar, no podemos trabajar porque el 
zapato se le despega y usted no me lo paga a mí y segundo uno debe ser honesto en el 
trabajo, como se va vender un producto sabiendo que se va a despegar en ocho días, como se 
le va a vender a una persona, no eso no es así. Entonces le digo no no podemos trabajar. Yo 
le ofrezco calidad y no precio, yo compito con calidad no con precio. 
Listo, don Jesús ya para terminar y es para hacerme una idea un poquito más clara digamos del 
tamaño de la empresa, dos preguntas, uno cuantos empleados tiene en promedio la empresa? 
no sé si eso varia, puede variar en el año. 
Si, no aquí mas o menos es muy parejo el año se trabaja casi siempre todo el año completo, 
ósea que el personal es más estable. 
Y más o menos cuantos empleados tiene? 
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Pero aquí normalmente siempre se trabajan en la fabrica 9 personas y por fuera que se 
mandan para trabajar en la casa lo que son venas y lo que es por ejemplo, eh, tejido, eh, lo 
que es armado, hay como 4 o 5. 
Cuatro, cinco personas trabajando como en satélites. 
En satélites, porque el otro problema es que tampoco se consigue gente, por ejemplo 
ahoritica en estos momentos que sucede. Aquí por ejemplo este caso mío, tengo dos 
personas incapacitadas porque están enfermas, otra niña se le murió la mama hace el lunes en 
la noche está viajando por allá en Sincelejo, esta por allá y no ha llegado, porque usted sabe 
esta por allá en Sincelejo, y así sucesivamente. 
Son tres en una sola semana. 
Son tres, entonces en armado entonces me tiene parado soladura, entonces me toco decirle a 
los de solador no vengan estos días porque 
Pues no hay trabajo, 
Claro está parado, si, entonces pero más o menos se trabajan, anteriormente yo trabajaba con 
18 personas, pero entonces ahoritica yo estoy buscando productividad, entonces que tengo, la 
mitad de las personas que tenía antes y la producción es mayor. Menos cantidad de gente mas 
producción. Y la gente va a ganar mejores salarios. 
Listo, y eso lo ha logrado a través de? 
De la maquinaria y de que la gente se va haciendo más practica en el producto, en la 
elaboración y de pronto exigencia. 
Si también hace parte. 
Ya la última pregunta que tengo Don Jesús es, en términos no se, líneas es calzado femenino 
en cuero.  
Si. 
Pero en términos de modelos por ejemplo para una colección, de cuantos modelos estamos 
hablando más o menos. 
Yo estoy, le puedo decir de cada colección en modelos aproximadamente 50. 
50 modelos. 
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50, pero como saco combinaciones de colores, entonces a veces se sacan dos, dos mínimo 
dos, dos estilos del mismo modelo, entonces estoy hablando de 100 muestras. Que son más 
que suficientes...son aproximadamente 50 referencias, 50 referencias no, 50 modelos. 100 
referencias. 
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Appendix J 
Complete set of questions used in the first stage of the DEPA framework 
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Design 
1. How is the design process defined in the company? Is it defined as static characteristics in 
the final product, is it considered as part of the production process or as independent process? 
 
2. What are the criteria used in the design process? How are these criteria defined? 
 
3. What internal and external stakeholders participate in the design process? 
 
4. Does the company follow a particular design model? Has the company their own design 
model? 
 
5. Does the company have control and traceability over the design process and its outputs? 
 
6. Is there a person in the company in charge of the design process? Has this person formal 
training in design? Has this person the capacity to make decisions at top management level? 
 
7. Is design considered as a strategic area in the company? Is design considered as a creator of 
value for the clients and for the company? 
 
8. Is the design process mainly manual or there are technologies involved? What technologies 
and with what purpose? 
 
9. Is the company oriented to produce products, services or a mix of products and services? 
 
10. Is there evidence of positive or negative experiences that relate design with the 
performance of the company? 
 
11. Are there feedback mechanisms in the design process that enable changes in the process? 
 
12. In terms of innovation, is the company a creator of trends or a follower of trends? Does 
the company mention difficulties to innovate? 
 
13. Are there stakeholders in the industry that support the design process of the companies? 
Technical assistance, training, advice. 
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14. Is innovation an important concept in the industry? 
 
 
ICT 
1. Does the company use ICT? What kind of technologies and for what applications? What is 
the general perception of the company about ICT? 
 
2. Is the use of ICT articulated with the business strategy of the company? 
 
3. What were the main motivations for the company to adopt and use ICT? Operational or 
Inspirational? 
 
4. Does the company use ICT in the design process? What technologies and for what parts of 
the design process? Does the company report positive or negative experiences? 
 
5. If the company does not use technologies in the design process. What is the reason? Is there 
evidence of resistance to technology? 
 
6. Is there industry support for the SMEs in the adoption and use of ICT? 
 
7. Does the company use technologies to communicate with other stakeholders? What 
technologies? Are there integrated information systems between the stakeholders? 
 
8. Does the company mention difficulties and barriers to adopt and use technologies? 
 
9. Does the company have an e-commerce platform to sell their products and services? What 
are the perceptions of the company on having an e-commerce platform?  
 
10. Does the company have a website? What are the uses that the company gives to the 
website?  
 
11. Does the use of ICT in the company reinforce the idea of being followers of trends or 
encourage innovation? 
 
12. Does the company know technologies that can be used in the design process? Design 
software, CAD, simulation, rapid prototyping, and collaborative design platforms. 
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13. Has the company received training in the use of technologies for the design process? What 
kind of training?  
 
14. Is there evidence that the use of ICT have modified the relationships of the company with 
other stakeholders? 
 
15. Has the use of ICT contributed to have more control and traceability over the products 
and services offered by the company? 
 
 
Sustainability 
1. Do the company know what sustainability is and what implications the concept has for 
them? 
 
2. Does the company know what a product life cycle is? Can the company identify the different 
stages of their product/service life cycle? 
 
3. Does the company know what the social and environmental impacts are caused by their 
activities? How does the company identify these impacts? 
 
4. Is there industry support for the SMEs on sustainability and related areas to sustainable 
business development? What stakeholders offer this support? 
 
5. Is there legislation on environmental management, social corporate responsibility, materials, 
pollution or products certifications related to sustainability that can affect the SMEs? 
 
6. In general, does the company have an active or a passive attitude relating to the concept of 
sustainability? Does the company undertake any projects in the area of sustainability? Recycling, 
remanufacturing, reduction of waste, participation in social projects. 
 
7. Has the company identified any difficulties working with the concept of sustainability? What 
are these difficulties reported? 
  
8. Is there evidence of alliances between SMEs and other stakeholders in the industry to 
undertake projects related to sustainability? 
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9. Does the company think that sustainability is an important topic for their clients?  
 
10. Are there requirements in the national market of this industry in the area of sustainability? 
Certifications, eco-labels, licences. 
 
11. What is the perception of the company about the differences between the requirements 
in national markets and the requirements in international markets in the area of sustainability? Is 
there a difference? What is the difference? 
 
12. Do other stakeholders make requirements to the SMEs related to sustainability? Sustainable 
practices, sourcing, green buying. 
 
13. Is there precise and complete information along the supply chain in the industry that 
enables an LCA of the products to be undertaken? Information about sourcing of raw 
materials, materials, production processes, distributions alternatives, disposal. 
 
14. Does the company believe that offering sustainable products and services could bring 
benefits to the company? What kind of benefits? 
 
 
Business environment 
1. What are the main difficulties that the company has to face daily? Technical problems, 
legislation, availability of resources, relationships with other stakeholders. 
 
2. Who are the main stakeholders for the company? 
 
3. Is there evidence of collaboration between the stakeholders across the supply chain? Is this 
collaboration between stakeholders formal and structured or informal and sporadic? Mention 
some experiences. 
 
4. What are the mechanisms of communication between the stakeholders in this industry? 
 
5. Are there industrial bodies that support the operation of the companies in this industry? Are 
they public or private organizations? Research centres, government agencies, industrial 
associations? 
 336 
 
6. Is this industry more oriented to products or services?  
 
7. Is this industry traditionally based on manual work or is it a technology based industry? 
 
8. Does the company have a stated business strategy? How is defined that business strategy? 
Mission, vision, objectives. 
 
9. Do areas such as sustainability, design and technology appear in the strategic definition of 
the company? 
 
10. Does the company have products, services or systems certifications? Environmental 
management, design, quality, management. 
 
11. What are the main drivers of the industry? Price, quality, service, convenience. 
 
12. Is the commercial contact with clients done on a continual basis or are there specific 
moments and spaces to establish that contact such as tradefairs or showrooms? 
 
13. What type of clients does the company have? Individuals, institutions, distributors, chains. 
 
14. How does the company describe their clients? What does the company believe their 
clients want?  
 
15. What type of suppliers does the company have? National, international, small, medium, 
large. 
 
16. Does the company work with the same personnel the whole year? Does the company 
work with temporal or seasonal personnel? 
 
17. Is the company affiliated to an industrial body or association? Is the company satisfied with 
the services and benefits received from these associations? 
 
18. Are there barriers in the industry against more sustainable business models? Demanding 
resources tradition, obsolete technology, unavailability of safer materials. 
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19. Is there benchmarking in the industry? Is information about successful companies in the 
industry accessible? 
 
20. What is the perception of the company of an organizational transformation towards 
sustainable business models? Positive, negative? 
 
21. Who are the stakeholder that has more influence over the company? 
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Appendix K 
DEPA framework and feedback form used during the validation of the framework 
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DESIGNING SUSTAINABLE 
PRODUCT SERVICE 
SYSTEMS
Introduction
Sustainable Product Service Systems (PSS) is a promising approach to support companies’ 
move toward more competitive and sustainable business models. However designing and 
developing these kinds of systems results in challenges that cause uncertainty and have prevented 
????????????????????????????????????????????????????????????????????????????????????????????????
gaps in current methodologies a research approach to identify and develop opportunities to 
design sustainable PSS is proposed. This approach is based on the integration between Product 
and Service Design and Information and Communication Technologies (ICT). In this report the 
research approach is presented as a business framework to support the design of sustainable 
PSS in Small and Medium Enterprises (SMEs). 
DEPA Framework oriented to support organizations working with 
SMEs toward competitive and sustainable business models
by Ricardo J. Hernandez and Tracy Bhamra
Description
The DEPA framework (Diagnostic - Evaluation 
- Proposal - Adequacy) is a guide oriented to 
support organizations working with SMEs in the 
process of identifying and developing opportunities 
for a transformation towards sustainable PSS. 
????? ?????????? ????? ????? ?????????? ??? ????????
methodologies to design PSS and it can reduce the 
levels of uncertainty associated with the development 
of a sustainable PSS.
DEPA responds to three main requirements:
-It takes into account internal and external challenges 
related to the design of sustainable PSS.
-It presents a set of tools as part of an analytical 
process to identify and develop opportunities to 
design sustainable PSS. 
-It focuses the search for opportunities on the 
integration between Product and Service Design and 
ICT.
???? ????? ???? ??? ?????? ?????? ????????????? ??????
DEPA suitable for SMEs without previous experience 
in the area. 
It is practical at the beginning of an organisational 
??????????????? ???? ???????? ??????? ??? ??? ?????
with one SME or as part of a project to support a 
group of SMEs. The logic behind the framework is 
??? ???????? ????? ?????? ????? ?????? ??? ????? ?????? ????
main requirements to identify potential opportunities 
to design sustainable PSS following the approach 
proposed giving the SMEs operational guidance and 
training.
Figure 1: main areas considered in the framework
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????????????????????????? ????????????????????????????. In 
??????????????????????????????????????????????????????????
??????????????????????????????????????????????????????
???????????????
???? ???????? ??? ???? ????? ?????????? ??? ??? ??? ??
?????????? ??? ????????? ???? ???????? ?????????????? ???
??????? ???????????? ???? ??????? ????????? ??? ??????
??? ??? ????????? ??? ??? ????? ??? ??????????????? ????? ???
??????????????? ?????????????? ????????????? ?????????
???????? ??? ???? ?????? ?????????????? ???????? ?????
?????????? ?????????? ???? ????? ?????? ??????????????
??? ???????? ???? ???????? ?????????? ??????? ???? ??? ?????
??????????????????????????????????????????????? ????
????????????????????????????????????????????????????
???????????????????????????????????
?????????????????????????????????
PSS
????????????????????????????????????????????????????
?????????????????????????????????????????????
????? ????? ?????? ??? ???????? ??? ???? ??????????? ???????
???????????????????????????????????????????????????????
????????????????????????????????????????????????????????
????????????? ???????????? ??? ????????? ????? ????????? ????
??? ??????? ?????????? ????????? ???? ??????????????? ?????
???? ????????? ??? ???????? ?? ????????? ????????? ?????? ???
????????????????????????????????????????????????
????? ??????? ?????? ??? ???????? ??? ???? ???????? ?????
???????????????? ????????????????????????????????????????
??????????????????????? ????????????????????????????. 
??????????????????????????????????????????????????????
??????????????????????????????????????????????????????
?????????????????????????????????????????????????????
???????????????8.
????? ?????? ?????? ??? ???????? ??? ???? ????????????
??????? ??? ???? ??????? ??? ???????????? ???? ??? ??????
????? ???????????? ??? ??????? ??? ????? ??? ?????????? ????
?????????? ??? ???????????????? ?? ?????? ??????? ??? ??????
???????????? ???????? ????????? ???? ????????? ???? ????
????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????
??????????????????????????????????????????????????????
??????????????? ??????????????????????????????????????
?????????????? ????????? ???? ????? ??? ???????????????
???? ????????? ???? ???????????? ??? ??????? ???? ????????
???????????????????????????
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Why Design and ICT in Sustainable PSS?
The integration of Product and Service Design and ICT outlines the space of opportunities to design sustainable 
PSS and is the basis of inspiration to propose potential sustainable PSS. On one hand Product and Service Design 
based on the design model presented by Cross11 is considered in the framework as the process of:
Product and Service Design is considered part of the integration for two reasons:
?????? ??????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????????????????????????????
decisions taken during this process.
??????????????????? ????????????????
ICT is the other area considered in the integration because of:
????? ?????????????? ??? ???????? ???????????? ???? ??????????? ?????????? ????????? ???? ???????? ??? ?????? ????? ???
?????????????????????????????????????????????????????????????????????????????????????????12. 
???????????????????????????????????????????????????????????13 particularly moving the design process from being 
product oriented to be information oriented14.
???????????????????????????????????????????????????????????????????????????????????????????????????????????????????
and measurable in relation with its business performance????????
????????????????????????????????????????????????????????????????????????????????????????????????? ????????????
“Exploration to identify a need, the generation of a set of concepts that satisfy the need, the evaluation 
???????????????????????????????????? ?? ?????????????????????????????????????????????????????????????
of the concept to other internal or external stakeholder.”
“Products and systems that communicate, store and process information.”
“The process of design solutions of products, services and infrastructure that together create value 
????????????????????????????????????????????????????????? ???????????????????????????????????????????5, 
taking advantage of the opportunities that Product and Service Design and ICT and its integration 
give to the development of innovative and sustainable products and services”
??????????????????????????????????????????
there is no evidence in the literature that 
explains the possible relationships between 
Product and Service Design and ICT in the 
context of sustainable PSS. There is also no 
methodology to design sustainable PSS 
based on this integration. For this reason 
?????????????????????????????????????????
relationships between these two areas 
????? ?????????? ????? ?????? ??17. These 
types of PSS are part of the tools used in 
DEPA to design sustainable PSS.
????????? ?????????????????????????????????????????????????
design and ICT
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DEPA Framework
DEPA is structured in four stages as part of an analytical 
???????????????????????????????????????????????????????
??? ?????????????? ??? ??????? ???????????? ???? ??? ??????
?????????????????????????????????????????????????????
Design and ICT. 
????????????????????????????????????????????????????????
???????????????????????????????????????????????????????
?????????????? ???????????? ???????????? ???????????????
??????? ?????? ????? ???? ?????????? ????? ??? ???? ?????
?????? ??? ????????? ??????????? ???????? ???? ???? ???????
??? ???????????? ???? ?????? ??????? ????????????? ??? ????
?????? ?????? ???????????? ???? ???? ????????? ????? ????
??????????? ??? ???? ??????????? ????? ??? ???? ???????
?????????????????????????????????????????????????????
?????????????????????????????????????????????? ??????
????? ?????????????????????????????????????????????????
????????????????????????????????????????????????????
???? ????????? ???????????? ??? ?? ???????????? ???? ???
??????????????????????????????????????
Diagnostic – Stage I
Purpose: ?????????????????????????????????????????????
??????????????????????????? ?????????????????????????? ????
???????????????????????????????????????????????????????
? ???????? ???????? ???? ???? ??????? ??? ???????????? ????
????? ???? ????? ?????? ??????????? ??? ???? ???????????
????????? ????????????????????????????????????????????
Description: ???? ??????????? ???? ????????? ??? ????
???????????????????????????????????????????????????????
?????????????????????????????????????????????????????
?????????????????????????????????????????????????????
???????????????????????????????
??? ???? ???? ???? ???????????? ????????? ??? ????? ???
????????? ???? ???????? ?????????? ?????? ??? ?? ????????
????????????????? ??? ?????? ???? ?????????? ??? ?? ?????????
???????? ??? ???? ????????? ???? ???? ?????????? ???????
??? ????????? ??? ????? ?? ????? ?????? ???? ?????????
???????????? ??? ???? ??????????? ??? ???? ???? ???? ????
?????????? ????????? ??? ??? ????? ????????? ??? ?????? ???? ??
?? ??????? ??????????? ???? ????????? ?????????? ?????????
?????????? ??????? ??? ??????? ??? ???? ???? ????????
?????????????????
Tools: ???? ????????????????????????????????????????????????
?????????????????????????????????????????????????????
?????????????????????????????
Procedure:? ??? ?????? ?? ???? ???????? ?????????? ?????? ???
?????????????????????? ???????????????? ???????????????
????????????????? ???????????????????????? ??????????????
??? ????? ??? ????? ???????? ???? ?????????? ?????????? ???
??????????????????????????????????????????????????????
??????????? ??? ???? ??????????? ??? ????? ?????? ????
????????????????????????????????? ???????? ?????????
?????????????????????????? ??????????????????????????
?????????????????????????Figure 3: DEPA framework stages
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Frame 1: ICT used in the company, motivations, barriers and external links
Figure 3: current situation sheet
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Frame 2: design process and its main features
Frame 3: internal and external conditions affecting the design of sustainable PSS
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Evaluation – Stage II
Purpose: Complement the diagnosis and characterize 
the current situation in eight particular areas evaluating 
how closer the SME and the industry are to the ideal 
conditions described in the basic requirements of the 
framework. This evaluation gives a more precise idea 
of what the strengths and weaknesses of the current 
situation are to design sustainable PSS under the 
approach proposed.
Description: The evaluation uses scales to give a 
visual assessment of particular aspects considered 
important for the design of sustainable PSS covering 
the four areas included in the framework. Each scale 
has the ideal condition for the aspect evaluated at the 
top and the opposite condition for the same aspect 
at the bottom. 
Based on the questions and the current situation 
?????? ?????????? ??? ???? ????? ??????? ???? ????? ??? ???
locate the SME and the industry on a point between 
these two extreme situations for each aspect. This 
evaluation is a qualitative assessment that will facilitate 
??????????????????????????????????????????????????????
of proposals in the third stage of the framework.
At the end of this stage these evaluations are used to 
characterize the current situation of the SME in eight 
particular areas. This characterization facilitates the 
generation of proposals in the third stage based on 
the comparison between the current situation and the 
??????????????????????????????????????????????????????
between Product and Service Design and ICT. 
Tools: The main tools in this stage are the scales 
(frames 5-8) and the current situation characterization 
??????????????
        
Procedure: In frames 5-8 the scales are presented. In 
total there are 21 aspects to evaluate. The evaluation 
itself is done locating the measurement indicator on 
the point of the scale that best represents the current 
situation in each aspect considered. The indicator can 
be located in any of the seven points of the scale.
After each aspect is evaluated the measurements 
of these scales are used to characterize the current 
?????????? ??? ???? ???? ??? ?????? ???????? ??????? ????? ???
these eight areas is related to one or more aspects in 
the scales as is shown in table I. 
Frame 4: sustainability awareness, knowledge and support
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The characterization is done graphically using the 
??????????????????????????????????????????????????????
6. In this net each area is evaluated in an individual 
?????? ???????? ??? ??? ??? ??? ?? ??????????????? ????? ???????
???? ?????? ??? ???? ????? ??? ??????? ??? ???? ??????????? ???
???? ???????? ??? ??? ?????? ??? ?????? ??? ???? ???? ?????
to evaluate is related to just one aspect the level is 
????????????????????????????????????????????????????????
??????????????????????? ????????????????????????????????
??????????????????????????????????????????????????????
???????????????????????????????????????????????????????
???????? ????????? ??? ??? ?????? ??? ?????? ??????? ??????
????????????????????????????????????????????????????????
situation are:
??????? ??? ???????????? ???????? ???? ???? ??? ? ?? ????
Product and Service Design in the SME
???????????????????????????????
??????????????????????????????????????????????????????
????????? ??????????????????
????????????????????
???????? ???????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????? ?
???????????????????????????????????????????????? ???
????????????????????????????
??????????????????????????????????????????????????????? ??
???????????????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????????????
in the SME
????????????????????????????????????????????????????
???????????????
???? ????? ???? ?????? ??? ???? ????????????????? ???? ????
?????????????? ????????????????????????????????????????
??????????????????????????????????????????????????????
??????????? ?????????????????????????????????? ??????????
???????????????????????????????????????????????????????
?????????? ??? ??????? ?? ??? ??? ???? ????? ??? ??? ?????????
????? ??? ???? ?????? ????????? ??? ???? ???????? ??????????
??????????????????????????????????????
????????? ????????????????????????????????????????
  Areas for the characterization Aspects from the scales 
1. Integration between design and ICT 10 
2. Innovation 4, 5 
3. Design oriented offer 1, 2, 3 
4. Orientation to products + services 6 
5. Flexibility 2, 8 
6. ICT based offer 7, 9, 11, 12 
7. Awareness and knowledge on sustainability 13, 14, 15, 17 
8. Supportive industry 16, 18, 19, 20, 21 
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Frame 5:  aspects related to product and service design
Frame 6: aspects related to information and communication technologies
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Frame 7: aspects related to sustainability
Frame 8: aspects related to business environment
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Proposal – Stage III
Purpose: The purpose of this stage is to propose possible sustainable PSS based on the analysis of the current 
situation and the evaluation done in the previous stages. This process uses as a reference four generic types of PSS 
?????????????????????????????????????????????????????????????????????????????? ?????????????????
????????????????? ????????? ??? ????????? ???????????? ???? ??? ????? ???????? ???? ??????????? ???????? ???? ????????
???????????????????????????????????????????????????????????????????????????????????????????????????????????? ??????
????? ??? ???????????????????????? ????????????????????????????????????????????????????????????????????????????????
??????????????????????????????? ????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????????????????????????
and also select one that is not necessarily very close to the current situation. The selection depends not only of 
????????????????????????????????????????????????????????????????????????????????????????????????????????????????
a radical innovation. The next step after the type of PSS is chosen is to propose one or more systems using as a 
reference the characteristics of the PSS selected. 
Tools: ??????????????????????????????????????????????????????????????????????????????????????????????????????????
???????????? ????????????????????????????????????????????????????????????
Procedure: Each generic type of PSS presented as tool to make the comparison has four parts:
-The description of the type of PSS
-The characterization of the PSS in seven relevant areas
-A set of areas of opportunity associated to the type of PSS
-Examples of possible systems under that relationship
??????????????????????????????????????????????????????????????????????????????????????????????????????????????????
has three steps:
1. Understand the four types of PSS reading the description of each one
???????????????????????????????????????????????????????????????????????????????????????????????????????????????
of PSS is more suitable to propose a sustainable PSS. The characterization of the PSS and the current situation 
characterization net have similar areas to make the comparison easier.
???????????????????????????????????????????????????????????????????????????????????????????????????????????????????
opportunity and examples presented in the PSS selected.
It is possible to propose more than one system for each of the generic types of PSS selected and to select more 
than one generic type of PSS to make the proposals. In that sense each system proposed should be described 
??????????????????????????????? ??????? ??????????????????????????????????????????????????????????? ??????????????
?????????????????????????????????????????????????????? ????????????????
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Design Based
In this type of PSS design is a main creator of value in 
the system. PSS in this relationship are characterized 
???????????????????????????????????????????????????????
the purpose of the system.
ICT play mainly a commercial role allowing the 
connection to customers as a means to make the 
purchase and have access to technical support and 
client service. In general innovation is a very important 
feature in this type of PSS represented by use of new 
materials, production processes and disruptive design 
concepts. 
 
Characterization
Main areas of opportunity
 
Development of smart green products
Customer empowerment
Selection of eco-materials
Production optimization
End of life optimization
Encouragement of sustainable behaviour
Reduction of waste and emissions
Savings in use of resources
Examples
PSS with highly differentiated products designed 
for the system represent this type of PSS. Systems 
????????? ??????????? ???????? ???? ???????? ???????? ?????
been typically the most common examples in this 
type of PSS. More recently another systems related 
to alternative energies, housing, lighting and water 
systems have appeared.
ICT Based
In this type of PSS, ICT play a main role creating value, 
articulating the system and enabling its existence. PSS 
under this relationship are characterized by having 
??????? ?????????? ???????????? ???????? ????????????
for the PSS. Additionally ICT can be present in the 
products of the system as elements of control, or 
points of interaction with the customers. However 
?????? ???????? ????????? ????? ?????? ????????????? ???
the products’ design. Products in the system are 
????????????????????????? ???? ???????????? ????????????
traditional designs adapted to the system.    
 
Characterization
Main areas of opportunity
 
Dematerialization
Development smart green products
Servicing
Social inclusiveness
Customer empowerment
???????????????
Encouragement of sustainable behaviour
Examples
PSS on transport systems such as car sharing, bike 
hiring or club cars usually represent this type of 
PSS. Products in this case cars or bikes are standard 
products not designed exclusively for the systems but 
????????????????????????????????????????????????
to the system. The information system to locate the 
cars or the bikes and the interface to access and 
control the use of the service and make the payments 
is fundamental for the existence of the PSS.
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Integrated design and ICT
In this type of PSS design and ICT are strongly 
attached to each other as creators of value. Products 
are generally designed exclusively for the system and 
ICT articulate and enable the connection between 
?????????? ????? ????????? ???? ?????????????? ???? ???
information between customers with products and 
services is fundamental for the system. Usually this 
type of PSS is highly innovative in terms of materials, 
processes, technologies, and ways to deliver the offer 
and connect to the customers.
 
Characterization
Design and ICT as supporters
In this type of PSS design and ICT are part of the 
offer but are mainly supporters of the system. In this 
????????????????????????????????????????????????????
designed for the system. On the other hand in terms 
of ICT usually there are no sophisticated information 
systems, mainly a commercial platform to enable the 
purchase of the offer. These PSS are not necessarily 
highly innovative in terms of the physical part of the 
offer but are innovative on the service side especially 
in how the offer is delivered.
 
Characterization
Main areas of opportunity
 
??????????????????????
Dematerialisation
Servicing
Green buying
Production optimization
???????????????????
Examples
Fresh food delivery services are part of these PSS. 
The main asset that the system offers is convenience. 
This PSS do not require specialized products or 
communication networks, the objective is to provide 
in this case food or another product in an innovative 
???? ????? ???????? ????? ???????? ???? ????? ???? ?????
the same relationship are the ones dedicated to 
buy, repair and resell products such as CDs, phones, 
home appliances or industrial goods such as pallets or 
cardboard boxes.
Main areas of opportunity
 
??????????????????????
Dematerialisation
Development of smart green products
Servicing
Customer empowerment
Selection of eco-materials
End of life optimization
???????????????
Encouragement of sustainable behaviour
Collaborative design
Reduction of waste and emissions
??????????????????
Examples
Medical systems where products are specialized 
equipment and complex communication networks 
connecting different stakeholders are part of the PSS 
under this relationship.
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Each of the sustainable PSS proposed should be described in one proposal sheet. For example if two generic types 
of PSS were selected and for each one two sustainable PSS were proposed, then four proposal sheets should be 
???????????????????????????????
Adequacy – Stage IV
Purpose: The purpose of this stage is to assess the 
adequacy of the sustainable PSS proposed in the 
third stage of the framework according to a set of 
parameters in terms of environmental, social and 
??????????????????
Description: The assessment of the appropriateness 
of the systems proposed is carried out taking into 
account the improvements that each system could 
generate to help the company to move towards 
a sustainable business model and in comparison to 
the current situation. This assessment is a qualitative 
approach to extract from the proposals the potential 
??????????????????????????????????????????????????????
to develop the systems proposed. 
Tools: The main tool in this stage is the adequacy form 
(Table 2).
Procedure: The assessment of the appropriateness of 
the systems proposed in terms of the environmental, 
??????? ???? ????????? ???????? ??? ??????????? ???
answering the questions proposed in the adequacy 
form. In this form each question has the option to be 
answered, as yes or no, in both cases an explanation of 
the answer should complement the option selected.
For each system proposed in the third stage of the 
??????????????????????????????????????????????????
the systems proposed can be compared according to 
the adequacy forms.
Figure7: proposal sheet
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Conclusion
The main output of the application of the framework is a design of a possible sustainable PSS under the approach 
proposed. This design is based on the opportunities that according to the analysis the company has under its 
???????????????????????????????????????????????? ? ??????????????????????????????????????????????????????????????
needed in the SME in order to develop the system. However there is an underline output of using the framework 
???????????? ????????????????????????????????????? ?????????????????????????????????????????????????????????????????
for the SME under analysis. The idea of designing sustainable PSS based on the integration between product and 
???????????????????? ?????????????????????????????????????????????????????????????????????????????????????????
it is suitable for all type of companies and specially not for all kind of situations. The DEPA Framework help 
????????????????????????????????????????????????????????????????????????????????????????????
Table 2: adecuady form
1. Does this system contribute to build a business strategy towards a 
sustainable company?
2. Are design and ICT creators of value in this system?
3. Does this system help the company to develop or create new 
markets? 
4. Does this system encourage continuous innovation?
5. Does this system improve the strategic position of company into the 
supply chain?
6. Does this system create differentiation for the company into the 
industry?
7. Does this system produce savings for the company?
?????????????????????????????????????????????????????????????????
9. Does this system encourage sustainable behaviour in consumers?
10. Does this system improve the relationships between the 
stakeholders?
11. Does this system contribute to create collaborative networks in the 
industry?
12. Does this system improve the health and safety conditions in the 
company?
13. Does this system contribute to create awareness of sustainability in 
the company?
14. Does this system use fewer resources than the current offer?
15. Does this system produce less waste and residues than the current 
offer?
16. Does this system use environmentally friendly raw materials?
17. Does this system encourage longer life cycles?
18. Is this system less material oriented than the current offer?
Yes No Explanation
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Feedback form 
 
DEPA was developed through research over the last three years. At this point in the research 
the main objective is to share the framework as one way to validate the assumptions on which 
the framework is based and also to evaluate the potential of DEPA as a business tool towards 
designing sustainable PSS involving SMEs. For this reason we would appreciate it if you could 
answer the following six questions. The feedback received will help us to improve the 
framework and define future stages of validation within SMEs. 
 
1. Do you think the DEPA framework is suitable to be used with SMEs?  
 
 
 
 
 
 
2. Do you think the integration between ICT and Product and Service Design can 
contribute to design sustainable PSS involving SMEs? 
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3. How it is presented do you think the DEPA framework could contribute to move 
SMEs toward sustainable business models? 
 
 
 
 
 
4. Do you think the procedure presented in the framework is clear and easy to 
follow? 
 
 
 
 
 
 
5. Do you think the use of the framework could contribute to the widespread 
adoption of the concept of sustainable PSS as a business model? 
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6. Do you have any additional comments? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thank you! 
 
